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AERO CREWS 


ARE AT WORK 


IN AUSTRALIA 








Surveys “Down Under” Added To 
Aero Operations In Europe, Africa, 


Near and Far East, South America 


Now AERO crews are flying in Australia, 
in petroleum reconnaissance over vast 
desert areas. With the high sensitivity 
Gulf airborne magnetometer, trained 
AERO crews are providing valuable data 
on regional trends and _ sub-surface 
structures, at a fraction of ground 
survey costs. 


“Operation Down Under’”’ adds another 
important area to the worldwide opera- 
tions of AERO, the pioneer and leader in 
aerial surveys. Our crews are now work- 
ing in the United States, Canada, Africa, 
Europe, South America, the Near East 
and Far East. 





PLANNING EXPLORATION OR 
PHOTO-MAPPING? 


If youare planning exploration or photo- 
mapping in any foreign areas, contact 
AERO now. Substantial savings, both 
in time and organizational costs, may 
be effected when it’s possible to employ 
AERO crews already in the general area. 
And our broad foreign survey experi- 
ence can be extremely helpful to your 
plans. 


35 years and three million miles of aerial 
mapping experience are at your disposal 
when you use AERO crews. 


AERO SERVICE CORPORATION 


PHILADELPHIA 20, PENNSYLVANIA 
Oldest Flying Corporation in the World 


OFFICES IN TULSA, SALT LAKE CITY, DULUTH, OTTAWA 


AIRBORNE MAGNETOMETER SURVEYSeSCINTILLATION COUNTER SURVEYS e PRECISE AERIAL MOSAICS 


TOPOGRAPHIC MAPS . PLANIMETRIC MAPS 


. RELIEF MODELS ° SHORAN MAPPING 
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and surveys and those who make them. 


public funds, 





American Congress on Surveying and Mapping 


The American Congress on Surveying and Mapping is a non-profit association, 
organized to advance the sciences of surveying and mapping in their several branches, 
in furtherance of the public welfare and in the interests of both those who use maps 
It aims to establish a central source of 
reference and union for its members, to contribute to public education in the use of 
surveys and maps, and to encourage the prosecution of basic surveying and mapping 
programs, especially those programs which are paid for, in whole or in part, with 


SuRVEYING AND Mapprnc is the official journal of the Congress and is published 
quarterly during the months of March, June, September, and December. 
gress welcomes articles and interesting news items for publication in its journal. 
Manuscripts should be sent to the Chairman of the Publications Committee. 


For further information, write to 
EXECUTIVE SECRETARY 
AMERICAN CONGRESS ON SURVEYING AND MAPPING 


Box 470, BENJAMIN FRANKLIN STATION, WASHINGTON 4, D. C. 


The Con- 
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“A Bit More Mauka. 


“Surveys in Hawaii introduce many new fea- 
tures to a surveyor trained on the mainland,” 
says Russell Brinker, Head of the Department 
of Civil Engineering at Virginia Polytechnic 
Institute. 

“The ancient land system divided an island 
roughly into several mokus (districts). Each 
moku was split into ahupua’as, pie-shaped 
pieces extending from ocean to mountain top 
and varying considerably in area. 

“Theoretically, each ahupua’a contained a 
kai (sea fishery), a stretch of kula (upland) 
and some kuahiwi (forest and mountain land). 
Thus, the ruling chief and his people could get 
fish, taro and wood from their own land hold- 
ings in the Isiands. 

“To trace old deeds, today’s surveyor must 
be able to read descriptions in a 12-letter Ha- 
waiian alphabet. Simple terms like North and 
South are frequently discarded in favor of 
visual directions. What, then, could be easier 
than to send a rodman a bit more mauka 
(mountainward) or a few feet makai (ocean- 
ward) ? Or to tell 
the chainman to 
move Diamond 
Head-way or 
Punchbowl-way? 

“In the mid- 
’30’s, I surveyed 
small parcels in 
the Islands for the 
Government, so 
that portions 
couldbetakenout 
of rice produc- 
tion. Standard 
practice was fol- 
lowed the first 





Triangulation stations like 
this are common in Hawaii. 


half day by measuring angles at corners, and 
lengths along dike sides of the flooded rice 


GURLEY 


"g and Screntif ment Mokers 


45 Precision Weights 





Prof. Russell Brinker (left) instructs students at 
VPI in the use of the transit. The instrument is 
one of 25 Gurley transits and levels owned by VPI. 


paddies. Since ties between adjacent owner- 
ships and exact areas were not needed, a 
faster, less accurate method seemed necessary. 

“So we set up near the estimated center of 
an individual farm on a paddy bank. Two rod- 
men started at diagonally-opposite corners 
and moved clockwise around the field. Stadia 
distances and azimuths from an arbitrary ref- 
erence line were read on the two rods in al- 
ternate order and recorded. 

“As soon as all corners had been sighted, 
we set up in the next field and repeated the 
process. Readings weve plotted later and areas 
obtained by planimeter 





Write for a free copy of 
“The Surveyor’s Note- 
book.” 


—_— 
oem 


W. & L. E. GURLEY, 530 FULTON ST., TROY, N. Y. 


Surveying and Engineezing Instruments, Hydraulic Engineering Instruments, Standard 
and Measures, Paper and Textile Testing Instruments, Reticle 
Making Facilities, A i ' M logical | 
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PLOTTER 


“ Based on E.R. 55 Projector 


me 6designed by R. K. Bean, 
U.S.G.5S. 


es 





NOW! All the accuracy of larger mapping at scales of 1"/50' to 1/200’, for 


. . only $4250. (Reduction printer and cen- 
sth ae Ina fast, low-cost, tering device optional at additional cost.) 
compact model ! 


WRITE FOR COMPLETE INFORMATION 
Save every way! Save effort: High resolu- ‘ 
; , ‘ Ask for Catalog F-303. Write to Bausch & 
tion and 3.2 magnification show fine de- : , 
Lomb Optical Co., 7704% St. Paul Street, 


tail clearly; patented push-button controls 
Rochester 2, N. Y. 


regulate red and blue for highest-contrast 
stereo-perception. Save time: Map larger 
areas from fewer photographs, taken at BAUSCH & LOMB 
greater height; standard Multiplex opera- me J 

tion, saves training time. Save money: 





Complete capital equipment for precision America’s only complete optical source ... from glass to finished product. 
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Part of an Abrams mosaic of St. Petersburg, Florida 


Base Your Planning 
on an Abrams Aerial Survey 


Atlanta, Georgia and surrounding Fulton County, air-mapped by Abrams, 
used a mosaic and enlarged prints to re-plan, to re-assess property, and 
re-route rail and highway traffic in the 165 square mile area at a huge 
saving in time and money. 


Flint, Michigan solved its water problem for the next 20 years by the 
use of aerial survey and the damming of a small stream. The engineers 
report that without the 75% savings as compared to ground survey, the 
dam couldn’t have been built. 


The American Road Builders Ass’n. Task Force report, highly recommends 
aerial survey. It states, “Location and cross-section surveys —can and 
should be performed more extensively by aerial photogrammetry” and “are 
prerequisites of economy in personnel.” 


Let us tell you what aerial survey can do for you. 


CORPORATION 





Lansing, Michigan, U.S.A. 
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Abrams Aerial Survey 
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THE NEW W&T ALTICORDER 


(RECORDING ALTIMETER) 


> Eliminate: ean at 
base s s. 


> Permits immediate and 

continu Ous savings — 
of initial invest- 
in 100 days’ use. 
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errors. | 


» Operiies continuously 
* and without attention for 
periods up to eight days. 


ig by W&T Alti- 
“me s NOW become 
more economical than 
ever” 


Write today for 
complete information 


WALLACE & TIERNAN 


i Ou Ol. ae Ol. ar. wm Me ae ©) 
PRECISION INSTRUMENTS AND ELECTRICAL MECHANISMS 
25 MAIN ST BELLEVILLE 9 N J 
In Canada: Wallace & Tiernan, Ltd., Toronto 
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“Tae 
The Universal ‘Jeep’, with the extra traction of its 4-wheel drive, takes you and your equipment wherever 
your survey has to go, regardless of terrain or weather. 


4-wheel drive takes you 


wherever your transit sights | 


There’s nothing like a Universal ‘Jeep’ for taking you 
cross-country from one survey site to another. 

The extra traction of its 4-wheel drive enables it to 
climb steep grades, ford streams and go through sand 
and mud where ordinary vehicles would bog down. Its 
compact size lets it maneuver through narrow trails. 
And the ‘Jeep’ can stand up and take it year after year, 
as hundreds of surveyors and engineers can attest. 

It will pay you to learn all the facts about the Uni- 
versal ‘Jeep’. Ask your ‘Jeep’ dealer for a demonstra- 
tion or write Willys Motors Inc., Toledo 1, Ohio. 





a . . a ae 
The ‘Jeep’ Station Wagon, with its 4-wheel drive, 
has the same “go-anywhere” ability as the How does 4-wheel drive work ? 4-wheel drive vehicles offer 
‘Jeep’, plus greater roominess. It carries six selective 2- or 4-wheel operation. In 4-wheel drive, the engine 
people and their gear, and with rear seats power is transmitted to all four wheels at once, rather than 
removed, sleeps two comfortably. to the rear wheels alone, thus utilizing the entire weight of 
the vehicle for maximum traction. A special low-gear range 
provides extra pulling power, when needed. 


4-WHEEL DRIVE * 4 
| mai yeep 
® 


WILLYS... world’s largest makers of 4-wheel drive vehicles 
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, From 1935 until his 
death in 1951, the 
surveying instru- 
ment designs of Dr. 
Henry Wild were as- 
signed to KERN & 
Co., AARAU, Swit- 
zerland. 

Only KERN offers 
the latest designs of 
Dr. Wild. 





KERN DKM2 


Dr. h.c. Henry Wild 


In these times of tougher competition, you need to perform faster 
and more accurate surveys. 


; Consider the KERN DKM2 theodolite 
Liens 8 pounds, reading both sides of both vertical and oleae 
circles to 1 second & by estimation to 1/10 second, both circles viewed 
through the same reading microscope at the same time. 


For more complete information on this and other of the latest of 
Dr. Henry Wild’s designs write for catalog V520. 


R. L. SARGENT CO. 


M & M BUILDING Note MALS 4832 HOUSTON 2, TEXAS 


ENGINEERS & SURVEYORS INSTRUMENTS 
SALES — RENTALS — REPAIRS 
INSTRUMENTS BOUGHT & SOLD 
STEEL TAPES, RANGE POLES, LEVEL RODS 


“Instruments sold and repaired by the R. L. SARGENT COMPANY are 
in service all over the world.” 
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Lex 


x for highly precise 
cartographic drafting 


in all your cartographic drafting projects, use 
cartoplex sheeting! you will find that this di-nee product is 
unsurpassed for surface quality and dimensional stability. 


tartoplex’s paper-aluminum laminated construction keeps 
< ‘ drawings permanently accurate, flat-lying, 
non-¢ufling and non-fraying. 


among cartoplex’s other notable qualities is its 
suitability,for work in which the drafting sheetanust be 
blueline sensitized. its pencil and ink receptive Surfaces are 
treated with a specially compounded coating to produce 
exceptionally uniform blue emulsion*Coverage. 


throughout the blue sensitization, exposure and development 
processes, this coating fully protects the high drawing 
quality of cartoplex’s’ 100% bond paper surfaces. 

cartoplex sheeting is but one of the many fine products 
manufactured by di-noc for surveying, mapping 
and drafting 


for further details on 
Cartoplex Sheeting, write... 


THE DI-NOC COMPANY 


1700 LONDON ROAD - CLEVELAND 12, OHIO 
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For fast accurate measurement 


on long vertical sights... 


Berger Vertical Collimator No. 26 
Single telescope for sighting 
upward and downward 


This Berger development is virtually indispensable in first order 
triangulation . . . aligning elevator shafts accurately, speedily 

. . testing raovement of top of tall buildings or bridges during 
high winds . . . aligning suspension bridges, setting piers, 
canal locks . . . transferring terminal mark of baseline to 
endmark of tape and vice versa . . . taking necessary sights 
in mine shafts . . . transferring ground control points to top 
of high street towers or bridge structures . . . setting turbines 
and generators. 


The reversible prism of the Inverting telescope is adjusted 
so that the line of collimation can be made correct for all dis- 
tances. The eyepiece, focusing lens and prism constitute one ele- 
ment which can be reversed 180°. Whether sighting upward or 
downward, the /nterior Focusing telescope objective provides 
a clear aperture of 26 mm. with a power of 24 diameters and can 
be focused for all distances up and down from about 3.5 feet 
to infinite distance. 


The process is direct . . . no trial and error. Write for com- 
plete details. Also ask for a copy of “Accuracy in Action”. 


C. L. BERGER & SONS, INC., 43 Williams Street, Boston 19, Mass. 


«-~@ BFRGER 


ENGINEERING AND SURVEYING INSTRUMENTS...SINCE 1871 








Fifteenth Annual Meeting Resolutions Presented to 


Government Officials 





ACSM OFFICERS PRESENT RESOLUTIONS TO FEDERAL OFFICIALS 


Photograph taken in the office of the Secretary of Commerce, shows, left to right: Secretary Dix, 

ACSM;; President Higbee, ACSM; the Honorable Sinclair Weeks, Secretary of Commerce; and 

Rear Admiral R. F. A. Studds, Director, USC&GS. Admiral Studds is a Past-President of 
ACSM. ) 


On June 22, 1955, ACSM formally presented 
resolutions from the Fifteenth Annual Congress 
to responsible officials as directed. President 
Higbee and Secretary Dix made personal pres- 
entations to the Secretary of Commerce, the 
Director of the U. S. Coast and Geodetic Sur- 
vey, the Commissioner of Public Roads, and the 
Executive Secretary of the American Associa- 
tion of State Highway Officials. The resolu- 
tions were also conveyed to the President of the 


United States, at the White House executive 
offices, by special messenger. On this same 
day the resolutions were directed to highway 
officials of all States and Territories by mail, 
and to Congressional Committee Chairmen by 
mail or messenger. It can be reported that all 
resolutions were well received and indications 
are that serious consideration will be given to 
them. 
—Watter S. Dix 
Executive Secretary, ACSM 
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PART I. POLICY STATEMENTS 








Mapping and Photogrammetry Save Dollars 


Assembled and edited by WALTER G. STONEMAN 


CHAIRMAN, COMMITTEE ON MAP USE, ACSM 


Eprror’s Notre.—The following collection of major policy statements and specific illustrative 
examples of the value of maps and aerial photographs was assembled by Mr. Stoneman as a com- 
panion work to his discussion of “Public Appreciation and Use of Maps and Surveys,” which 
was presented at the Fourteenth Annual Meeting of ACSM, March 1954. Although there is 
little need to persuade regular readers of SuRvVEYING AND Mappinc of the value of maps and sur- 
veys, there is real need for a convenient compilation of authoritative statements on the subject for 
ready use in promoting the cause of good mapping in other quarters. This need is met in a most 


thorough manner by Mr. Stoneman’s compilation. 


INDEX 


1. Extracts from Modern Cartography, a United Nations publication 
2. Extracts from Hoover Commission Report on Organization of the Executive Branch of 


the Federal Government 


3. Extracts from the Report of the President’s Water Resources Policy Commission 


> 


Cerperation, Ltd. 


ru 
> 
a 
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Road Building 

Water Resources Development 
Forestry 

Agriculture 

Geology and Mining 

City Planning 

State and Regional Planning 


SOUP ONS 


Extracts from the Report of the President’s Materials Policy Commission 
Quotation on Resource Surveys for Economic Development from Photographic Survey 


‘II. SPECIFIC ILLUSTRATIVE EXAMPLES 


Part I. Policy Statements 


i. EXTRACTS FROM “MODERN CARTOGRAPHY,” A UNITED NATIONS 
PUBLICATION 


Report of the Committee of Experts on 
Cartography 


Economic and Social Council resolution 
131 (VI) of 19 February 1948 on Coordi- 
nation of Cartographic Services of Special- 
ized Agencies and International Organiza- 
tions: 

Whereas, accurate maps are a prerequisite to 
the proper development of the world resources 
which in many cases lie in relatively unexplored 
regions; 

Whereas, such maps facilitate international 
trade, promote safety of navigation, both in the 
air and in the sea, and provide information re- 
quired for the study of measures of peaceful 
adjustment under Chapter VI of the Charter, 
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and for the application of security measures 
contemplated in Chapter VII of the Charter; 

Whereas, the coordination of the cartographic 
services of the United Nations and specialized 
agencies, as well as those of the Member Na- 
tions, will result in significant economies in cost, 
time, and personnel, and will contribute to the 
improvement of cartographic techniques and 
standards; and 

Whereas, several Member Governments have 
already indicated their interest in a coordinated 
programme of international cartography; 

The Economic and Social Council therefore 
recommends: 

1. That the Member Governments stimulate 
the accurate survey and mapping of their national 
territories ; 
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2. That the Secretary-General take appropri- 
ate action, within the limits of budgetary avail- 
abilities: (a) To further such efforts by promot- 
ing the exchange of technical information and 
other means, including the preparation of a study 
on modern cartographic methods and develop- 
ment of uniform international standards; (b) To 
coordinate the plans and programmes of the 
United Nations and specialized agencies in the 
field of cartography, taking into account the work 
of the various inter-governmental and non-gov- 
ernmental organizations and to report on the sub- 
ject to a subsequent session of the Council; and 
(c) To develop close cooperation with carto- 
graphic services of interested Member Govern- 
ments. 


We have been much impressed with the 
fact that, in spite of the volume of informed 
opinion which our studies lead us to be- 
lieve exists, both in economic and in politi- 
cal circles, as to the continuous necessity for 
maps at every stage of social and economic 
development, the world is still quite inade- 
quately mapped. Due regard must cer- 
tainly be paid to the mapping that has been 
achieved, but more remarkable to us is what 
has not yet been done. We have endeav- 
ored to elucidate the reasons for this rather 
astonishing situation, so that we might have 
a sound basis for our recommendations. It 
seems to us that they lie in a combination of 
circumstances, variously mixed in various 
parts of the world, namely: 


(a) Lack of appreciation by national gov- 
ernments of the fundamental need for maps 
and of the wide nature of the public services 
rendered by them. 

The non-existence of maps or the inadequacy 
of those available has brought on serious conse- 
quences in the execution of important develop- 
mental projects. This fact focuses attention 
upon an apparent but interesting paradox: the 
best mapped countries, which are also the most 
highly developed, today spend more for map- 
ping than ever before... . 
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In an advancing civilization there is in- 
creasing and urgent need for more power, 
more food, and better communications. 

% *% * * *% * * *% 

World-wide investigations and inquiries 
are carried out or stimulated by the United 
Nations. Important projects in various 
parts of the world are under consideration. 
The planning and launching of such proj- 
ects, however, without the information pro- 
vided by adequate maps, as has so often 
been the rule in the past and as is still quite 
usual, has invariably led, and always will 
lead, to waste of money far in excess of the 
whole cost of mapping, as well as to ulti- 
mate waste of time. The cost of mapping 
is a minute percentage of the total cost of 
projects taken in the aggregate, and the 
speed of modern technical methods of map- 
ping, including aerial photography, now 
makes an orderly sequence of procedure en- 
tirely possible. 

* & % * * * * * 


The significance of surveying and :nap- 
ping under-developed areas before any proj- 
ect can be undertaken, is worthy of par- 
ticular mention. 

The execution of such a survey will now- 
adays usually be based on the use of aerial 
photographs. The scale of these photo- 
graphs may be influenced by the possibility 
of using them for other than map purposes, 
as has been indicated in (a) above. A 
little advance planning in determining the 
specifications of the aerial photography can 
pay handsome dividends in that the same 
photography can be at once the source of 
generalized information and the specific 
tool for topographic map construction. The 
presence of an experienced cartographer or 
photogrammetrist on the planning staff can 
assure this. 


2. EXTRACTS FROM HOOVER 
COMMISSION REPORT ON ORGANIZATION OF 
THE EXECUTIVE BRANCH OF THE GOVERNMENT 


More Adequate Basic Data Programs' 


The committee is reluctant at this time 








1 From Hoover Commission Task Force Report 
on Natural Resources. 


te recommend increased appropriations for 
any Federal function within its province of 
study. It is foolhardy, however, for the 
Federal Government to undertake a devel- 
opment program running into billions of 
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dollars without spending enough money to 
obtain the basic hydrologic data essential 
to sound planning and construction. Yet 
that is precisely what is being done. Where 
error commonly runs high—25 percent—it 
is not difficult to see the possibility of enor- 
mous savings through the collection of more 
adequate basic data. The committee there- 
fore recommends the immediate expansion 
of the programs of the basic data collecting 
agencies, so that the topographic mapping, 
ground-water studies, stream gaging pro- 
grams, sedimentation studies, evapotranspi- 
ration studies, and run-off and erosion stud- 
ies can keep pace with development pro- 
grams. 
Surveys and Records 


Adequate records and surveys are indis- 
pensable to efficient land-management pro- 
grams. Without accurate basic and current 
data, land-management agencies are handi- 
capped in the execution of their responsi- 
bilities. Yet the Federal Government has 
been laggard in the surveying and classifi- 
cation of large areas of public domain. 


Need for Intensive Exploration’ 


A pressing need of the Nation is a more 


adequate supply of a long list of minerals to 
support and strengthen our industrial econ- 
omy and to ensure our national securities. 
Hence encouragement of exploration should 
be the principal objective of the policies 
dealing with minerals and fuels on the pub- 
lic domain. Maintenance of the Nation’s 
mineral reserves requires not only the dis- 
covery of concealed ore bodies in old dis- 
tricts, but the finding of ore bodies in en- 
tirely new regions where signs of ore evi- 
dence or conditions favorable for minerali- 
zation are not sufficient to have induced 
adequate exploration. To accomplish these 
ends, improved scientific knowledge of the 
occurrence of mineral deposits is essential 
and more refined techniques for testing areas 
for them must be devised. 


Consolidation of Functions Relating to 
Water Control and Development? 


We do not know the extent, limits, and 
duration of our most important natural re- 
scurces measured by modern demands, and 
we are therefore equally ignorant of the 
need for development of existing resources 
or encouragement of substitutes and im- 
ports. 


3. EXTRACTS FROM THE REPORT OF THE PRESIDENT’S 
WATER RESOURCES POLICY COMMISSION 


The Need for Basic Information 


Fundamental to all development and 
operation of water resources by public or 
private agencies is the availability in usable 
form of adequate information about water 
and related land resources, as well as about 
the region, the community, and the people 
te be served. Comprehensive planning in 
terms of river basins requires ample data 
on all aspects of regional and river basin 
development and of the hydrologic cycle. 

x * ¥ * * x * * 


We simply do not have enough informa- 
tion for the best possible development of 
the varied resources of the country. We 
must obtain it at a much more rapid rate 
to meet enlarging requirements of an in- 
creasing population and of growing indus- 
tries. 


We need suitably scaled topographic 
maps, climatic maps, more knowledge of 
the geologic structure and mineral resources 
of the country, . . . and maps of kinds and 
extent of soils and other facts about char- 
acteristics of these soils. We must make 
faster progress in classifying land for capa- 
bilities, for the best and safest use, and for 
the vegetal resources. 

* * ¥ % x * * * 

Only 25 percent of the area of the United 
States is covered by topographic maps con- 
sidered acceptable by modern standards; 
only 10 percent of the area has been cov- 
ered by modern geologic maps. 





2From Hoover Commission Task Force Report 
on Pubiic Works. 








294 


SURVEYING AND MAPPING 


4. EXTRACTS FROM THE REPORT OF THE PRESIDENT’S 
MATERIALS POLICY COMMISSION? 


Aerial Photography 


Aerial photography represents a signifi- 
cant tool which can be used widely, quickly, 
and relatively inexpensively in any programs 
of mineral discovery. The following ex- 
amples are only a few of the uses thus far 
suggested: 


To complete the topographic mapping of the 
United States and other world areas as quickly 
as possible by photogrammetric means. Topo- 
graphic maps are needed in planning the sys- 
tematic search for minerals, the preparation of 
geologic maps, and the efficient exploitation of 
all significant mineral discoveries. Photogram- 
metry, the science of making maps and extract- 
ing quantitative information from photography, 
offers the cheapest and fastest means yet devised 
for making topographic maps. 

To prepare aerial photographic mosaics of 
potential minerals discovery areas as a basis for 
many types of annotations or transparent over- 
lays bearing geochemical, geological, geophys- 
ical, geobotanical, and other earth science field 
data which may offer “convergence of evidence” 
as to place and type of mineral existence. 

To extend, generalize, and disseminate the 
general principles of “photogeology.” The geo- 
morphic or land-form interpretations made 
through a three-dimensional study of aerial 
photos is valuable in arriving at structural con- 
clusions that might not otherwise be determined. 
Photogeology itself is the most economical 
method of rapid geologic reconnaissance yet de- 
veloped. By this technique outstanding struc- 
tural anomalies can be located quickly and 


e 


evaluation of these can proceed without the 
delay occasioned by detailed exploration. The 
interpretation of aerial photographs considers 
not only land form and obvious geologic units 
but also the effects caused by variations in re- 
flecting power of soils and rocks of exactly 
similar colors, the habit and density of vegeta- 
tion, drainage patterns, the distribution and pat- 
tern of cultivated lands, railroads, quarries, 
reservoirs, and other cultural features. The ap- 
plication of photogeology to exploration work 
should be considered as an aid rather than an 
end. 

To precede every major mineral search with 
detailed aerial photographic study to locate 
critical or key zones and thereby save geological 
effort otherwise wasted in general reconnais- 
sance. 

To extend the use of the “convergence of 
evidence” principle by securing airborne mag- 
netic or other instrumentation records simul- 
teneously with black and white or colored pho- 
tography over potentially fruitful mineralized 
areas. The most spectacular recent example of 
the successful application of this principle in a 
limited sense is the discovery in 1947 of what 
appears to be the world’s greatest iron ore de- 
posit, Cerro Bolivar, in Venezuela, by the U. S. 
Steel Corporation. Of outstanding importance 
to the Nation’s mineral program is the fact that 
this huge deposit was discovered just in the 
nick of time. The U. S. Steel Corporation 
was just about to spend millions of dollars in 
a taconite (low-grade ore containing 25 to 35 
percent iron) program which would have been 
much less fruitful. 


5. QUOTATION ON RESOURCE SURVEYS FOR ECONOMIC DEVELOPMENT 


FROM PHOTOGRAPHIC SURVEY CORPORATION, LTD. 


Let’s Put First Things First 


Having decided that it is vitally important 
to raise the standard of living in an under- 
developed land—just what procedure is to 
be followed? 

Planner’s views on that problem are 
widely divergent, and certainly the basic 


8 Volume IV, chapter 2, Improved Exploration 
for Minerals. 


approach must be determined by the exist- 
ing state of development. Areas likely to 
receive attention first because of their ur- 
gent needs are those where the population 
density is high in relation to food resources 
available, resulting in a precarious standard 
of living. Most such areas are located in 
Asia and, to a lesser extent, in Africa. 
Frequently, there is a tendency to con- 
sider medical aid (establishment of hospi- 
tals, public health programmes, etc.) as the 





Qi 


Per 
Th 
$41 


14( 
be 

ph 
ere 
sch 
COs 
Cos 
net 
sig 
syl 


ec 


PING 


it the 

The 
isiders 
units 
in re- 
xactly 
egeta- 
d pat- 
arries, 
he ap- 
work 
an an 


1 with 
locate 
logical 
mnais- 


ice of 
mag- 
simul- 
1 pho- 
ralized 
iple of 
e ina 
| what 
re de- 
ute ° 
tance 
ct that 
in the 
yration 
lars in 
to 35 
e been 


NT 


exist- 
ely to 
‘ir ur- 
lation 
ources 
ndard 
ted in 


» con- 
hospi- 
as the 





MAPPING AND PHOTOGRAMMETRY SAVE DOLLARS 295 


first requirement, with education as the sec- 
ond, and public works as the third. How- 
ever, an alternative and much more logical 
approach is to consider the creation of a 
permanent employment potential first, so 
that health and education programmes may 
be self-perpetuating and coincident with a 
higher living standard. 

The employment potential is dependent 
upon industry and agriculture, which stem 
from the country’s natural resources—its 
soils, water, forests, minerals, fish, and 
game. Therefore, the first step to be taken 
is to determine the location and extent of 
the country’s natural resources, considering 
at the same time detailed information on 
climate, existing communications, and pop- 
ulation distribution. Then, and only then 


—when such an inventory has been taken 
—can an intelligent development plan be 
formulated. Resources offering the best 
potential for immediate development can 
be selected, and the problem of directing 
the establishment of industries is greatly 
simplified. Moreover, with complete in- 
ventory data available, fewer foreign tech- 
nical experts are required to study overlap- 
ping problems and direct development work. 

To sum up, it seems apparent that a 
programme of assistance to any under-de- 
veloped area should be initiated by means 
oi a complete and careful resources inven- 
tory. 

(Th. above-mentioned resources inventories 
are undertaken with the assistance of aerial 
photography and recorded on maps.—Eb. ) 


Part II. Specific Illustrative Examples of How Maps and 
Aerial Photographs Promote Efficiency and 
Save Money in Developmental Work 


1. ROAD BUILDING 


Quotation from Aero Service Corporation 

Topographic facts were needed for the 
Pennsylvania Turnpike’s eastern extension. 
The transit-and-line method estimate was 
$415,000 and 2% years’ time. Too slow 
—and too expensive. 

Aero Service mapping planes flew the 
140-mile route, taking 250 photographs to 
be translated into accurate contour maps by 
photogrammetry. First maps were deliv- 
ered 45 days after photography—entire 
schedule completed in just 145 days. Net 
cost of the job was $83,000, one-fifth of the 
cost of ground surveys. (Authority, Gan- 
nett, Fleming, Corddry and Carpenter, de- 
sign and location engineers for the Penn- 
sylvania Turnpike Extension. ) 


Example cited by William Pryor, 
Bureau of Public Roads 


The use of aerial photography is the only 
economical way of establishing a road loca- 


tion. In a certain instance in Latin Amer- 
ica an engineer surveyed and designed a 
road location, using the old classic ground 
survey methods. Mr. Pryor made another 
location by the use of aerial photography 
not knowing of the original survey. Faced 
with conflicting recommendations for road 
locations, the superiors responsible for 
the decision as to the road location insisted 
ou checking each route on the ground. In 
24 kilometers it was found that the road 
location accomplished by aerial photogra- 
phy, as compared with the other, saved 
$400,000 in bridging cost and $300,000 in 


excavation costs. 


Extracts from “What’s a Map Worth?” by 
Leo J]. Zuber, Metropolitan Planning 
Commission, Atlanta, Ga.* 

The value of adequate maps was recently 





*SuRVEYING AND Mappinc, Jan.—Mar. 1952, 
pp. 14-18. 
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demonstrated in connection with the con- 
struction of a highway between two points 
16 miles apart. Three location surveys 
were made at an approximate expenditure 
of $5,000 and the cost of the proposed high- 
way was estimated from these surveys in 
the usual manner. Before the highway was 
constructed, the State geologists appealed to 
the governor to have a topographic map 
made of an area several miles wide along 
the route of the proposed highway. This 
map was compiled at a cost of $2,200 and 
from it a new route was selected. The cost 
ot the highway constructed on the new 
route was $200,000 less than that estimated 
for the route selected before the topographic 
map was made. 


~ * % * % * *& * 


Likewise, Gen. Richard K. Hale, Direc- 
ter, Massachusetts State Highway Depart- 
ment, stated that the savings effected in the 
highway department alone could have paid 
the entire cost of the topographic surveys 
of Massachusetts. 


*% % * * % * * * 


In one prewar year, $500,000,000 was 
spent for the construction of highways in 
the United States, according to Robert 
Stephenson of the Pennsylvania Topo- 
graphic and Geologic Survey. Highway en- 
gineers estimate that $97,500,000 could have 
been saved in preliminary surveys and con- 
struction costs had topographic map cover- 
age been adequate. In this case, the lack 
of topographic maps may be directly trans- 
lated into a loss in tax money. 

The chief engineer of one railroad saved 
$85,000 by changing the route of a rail! line 
after examining a topographic map. This 
sum is a mere pittance when compared with 
the estimated $100,000,000 the railroads of 
the United States would have saved in pre- 
liminary surveys alone had topographic 
maps been available. No doubt the savings 
im construction costs would have reached an 
almost astronomic figure. Civil engineers 
have estimated that $28,000,000 per year in 
operating expenses could have been saved 
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had the curves and grades been reduced. 
Topographic maps, had they been available, 
would have contributed greatly to effecting 
this tremendous annual saving. The esti- 
mated saving in operating cost for 1 year 
alone could pay for the topographic map- 
ping of an area almost four times that of 
the Commonwealth of Pennsylvania. 
Federal and State highway officials need 
contour maps in order to select the shortest 
and most level routes, plot bridge sites, and 
plan drainage. In 1938, U. S. highway 
construction cost $500,000,000. Highway 
engineers estimate that preliminary con- 
tour map coverage would have saved ap- 
proximately $37,500,000 on surveys and cut 
construction costs $60,000,000. 


Extract from “Value of Topographic Maps 
to the Massachusetts Department of Pub- 
lic Works” by E. C. Houdlette, Di- 
rector, Survey Division, Mass. 

Dept. of Public Works® 

Massachusetts had spent millions of dol- 
lars on the extension, improvement, and up- 
keep of its highway system before the pub- 
lication of the new topographic maps. 
Much of this highway work has been done 
with the use of the old 1887 maps and I am 
confident that we have not, in all cases, 
selected the best routes. Lack of drainage 
data caused destruction of bridges, culverts, 
and sections of roads by heavy rains. 


Extract from “Value of Topographic Map 
Series in Highway Engineering” by War- 
ren Creamer, Director, Engineering 
and Construction, Connecticut 
Highway Department® 

The National Topographic Map Series is 
the most basic essential for planning high- 
ways and bridges. Without these maps it 
would not be possible to properly conduct 
the required steps leading to the develop- 
ment of a well planned, correctly integrated, 
and well constructed highway system. 








5 SURVEYING AND MAPPING, Jan:—Mar. 1950, 
p. 20. 
6 Ibid., p. 30. 
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2. WATER RESOURCES DEVELOPMENT 


Extract from “Value of Topographic Maps 
to the Tennessee Valley Authority Pro- 
gram” by Reed A. Elliott, Chief, 
Project Planning, Tennessee 
Valley Authority’ 

It would be practically impossible to ex- 
aggerate the value of high-grade topo- 
graphic maps for the preliminary planning 
of water control projects such as those of 
the TVA system... . 

Conclusion: The foregoing discussion of 
some of the uses by TVA of topographic 
maps has been devoted largely to the engi- 
neering phases in the development of the 
rarious dam and reservoir projects. It is 
not, of course, a complete statement of en- 
gineering uses of maps in connection with 
such projects, and it necessarily neglects 
discussion of important related uses of topo- 
graphic maps such as in malaria control 
problems, forest resource investigations, 
watershed protection planning, and general 
management of reservoir areas. 

Reliable topographic and geologic infor- 
mation is basic and indispensable to the 
proper development of water resources and 
it is hoped that this paper will express our 
conviction that the value of having accurate, 
broad-coverage topographic maps available 
for all stages of engineering investigations 
cannot be over-emphasized. 


Extracts from “Value of Topographic Maps 
to the Bureau of Reclamation” by John 
W. Dixon, Director, Branch of 
Project Planning, Bureau 
of Reclamation® 


The Bureau of Reclamation, for example, 
would not choose to attempt to evaluate, or 
could not evaluate, the benefits from topo- 
graphic maps. Without them, we wouldn’t 
be in business. . 

I trust that I have succeeded in pointing 
out that, while a good start has been made, 
as yet the Nation is inadequately supplied 
with topographic maps, river profiles, folios 





7 Ibid., pp. 5 and 9. 
8 Ibid., pp. 11 and 13. 


of geologic information, and many other 
types of basic data. 


Extracts from “Value of Topographic Maps 
to Business” by R. W. Smith, Natural 
Resources Dept., U. S. Cham- 
ber of Commerce® 


The Nation is now engaged in a greatly 
stepped-up program of river-basin develop- 
ment, principally in the Missouri River 
Basin and in the West. To show you the 
extent of this program for reclamation, 
flood-control, navigation, and power proj- 
ects covering all of the river basins of the 
country, I quote from figures furnished 
Senator George W. Malone by the Chief of 
Engineers: 


Federal River Basin Projects Estimated Cost 


Works already completed .... $ 4,799,700,000 
Projects under construction 4,593,000,000 


Projects definitely planned ... 18,980,900,000 
Projects planned for the long- 
Wee GE 6x5 sae) cinees 29,152,600,000 


POE. | bis caren she dete $57,526,200,000 

The Chamber of Commerce favors the 
development and construction of the water 
resources of the nation upon sound engi- 
neering and economic principles, including 
the expenditures of public funds upon care- 
fully planned projects which will stand the 
test of economically sound investments. 
The Chamber believes that many of the 
projects whose total estimated cost is given 
above will not meet these tests because they 
are based on inadequate data—lack of topo- 
graphic maps, rainfall, stream flow, and 
other data necessary to determine if they 
are sound both in respect to engineering 
and economic feasibility. 

The Hoover Commision Task Force Re- 
ports on Natural Resources and on Public 
Works both point this out clearly, with 
examples. . . . 

The country would be far better off if 
we were to accelerate the expenditure for 


® Ibid., pp. 33-34. 
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accurate topographic maps and other nec- 
essary engineering data rather than to rush 
into an accelerated but poorly planned pro- 
gram of river basin project construction. 
The benefits to be derived from river basin 
development are in direct proportion to the 
sound planning on which they are based. 
The first and foremost need for such sound 
planning is adequate topographic maps. 


Extract from “What’s a Map Worth?” by 
Leo J. Zuber, Metropolitan Planning 
Commission, Atlanta, Ga.'° 

In California existing topographic maps 
alone have saved the Division of Water Re- 
sources more than $2,250,000 according to 
Edward Hyatt, State Engineer. 

Similarly, the Metropolitan Water Dis- 
trict of Southern California could have 
saved $750,000 if inch-to-the-mile contour 
maps of the southeastern part of the State 
had been available, according to Julian 
Hinds, assistant chief engineer of the Dis- 
trict. 

A. H. Markwart, vice president, claims 
that “adequate maps of the Pit, Feather, 
Bear, and Stanislaus Rivers would have 
saved the Pacific Gas and Electric Com- 
pany $200,000.” 

Likewise, good contour maps saved New 
York City hundreds of thousands of dollars 
when it ran aqueducts from the Catskill 
Mountains to increase its water supply. 


Extract from a letter dated July 13, 1953, 
from T. T. Martin, Vice President, 
Gulf, Mobile and Ohio Rail- 
road Co., Mobile, Ala. 


For some years we have been studying 
the feasibility of tapping the Mobile River 
some twenty-five or thirty miles north of 
Mobile and leading fresh water through a 
series of sloughs down to the industrial area. 
It was relatively easy, with the topographic 
maps, to determine that a route for this 
water was available. To have made such 
determination without the use of these maps 
would have required a tremendous amount 
of investigation of marsh and swamp lands 











10 Supra, footnote 4. 
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which would have been very difficult to 
traverse. 


Extract from a letter dated July 16, 1953, 
from J. B. Converse, President, J. B. 
Converse and Co., Inc., Mobile, Ala. 


Prior to the building of the Big Creek 
water supply system, the City of Mobile was 
in a critical situation, in our opinion, due to 
the fact that previous stream gauges that 
we had made indicated definitely that the 
water supply for this metropolitan area 
would be entirely inadequate should such 
a drouth as occurred in 1937 reoccur. Un- 
der the circumstances, if we had not had 
available for our use maps of the Hurley 
and Wilmer quadrangles, the building of 
the dam and the development of the new 
water supply might have been delayed for 
several years. 

As you may know, Mobile has practi- 
cally doubled its population within the last 
few years and your guess is as good as mine 
as to the damage that would have occurred 
had water for our local industry and homes 
been curtailed. In reviewing in my mind, 
the value realized from these maps in facili- 
tating the elimination of this water hazard 
far exceeded $100,000.00. 

This community has an assessed valua- 
tion now of about $170,000,000.00 and to 
have this water hazard hanging over their 
heads was in the nature of having a 170- 
million-dollar investment without any in- 
surance. 


Extract from September 17, 1953, letter 
from Maurice L. Miller, Consulting En- 
gineer, Louisville, Ky., to Phil M. 
Miles of Kentucky State 
Government 


I wish to advise as convincingly as I 
know how that this work has been the 
means through which many thousands of 
dollars in capital investment has been saved 
by our clients as well as many months of 
time of reconnaissance work, thus expediting 
engineering studies and concluding reason- 
ably accurately the feasibilities of water sup- 
plies and its overall potentiality. 
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For example, at Stanford, Ky., these maps 
were the means through which a reliable 
source of water supply was definitely deter- 
mined within economical means of the city 
to acquire. These maps, together with 
climatological and geological data made 
available through the Weather Bureau, 
United States Geological Survey, and State 
Geological Departments, and the Soil Con- 
servation agencies saved the city over 
$104,000.00 by comparison had they con- 
tinued along other plans in the absence of 
these data and maps. These maps focal- 
ized the areas most feasible which other- 
wise would have been missed. Many other 


valuable details would have been missed 
except for these maps, at another saving of 
nearly $10,000.00 (in one instance). 

To obtain all details as presented through 
the use of the maps would have required 
many months of field work with the result 
that Stanford would not have had water as 
soon as they expected with the resultant loss 
of revenue and the probability of loss of 
life and property through fire and disease 
in the absence of water as occurred in the 
fall of 1952. Likewise, the cost of engi- 
neering would have been more than doubled 
to arrive at even a portion of the data pre- 
sented through the use of these maps. 


3. FORESTRY 


Quotation from Photographic Survey 
Corp., Ltd. 


Although it has taken two generations to 
compile a forest inventory of the Canadian 
province of Ontario, 90 percent of the work 
has been completed in the last four years, 
using air photography and photogrammetry. 
Today it would be quite possible to equip 
and man an organization to do this entire 
fcrest survey (150,000 square miles or 
375,000 square kilometers) in two years. 

Geological mapping, soil surveys, and 
other phases of resources inventory have 
been similarly speeded up by modern tech- 
niques. 


Extract from “Value of Topographic Maps 
in Forestry Work” by H. E. Seeley, Do- 
minion Forest Service, Dept. of 
Mines and Resources, Canada™ 


The preparation of a national topographic 
series of map sheets by regular quadrangles 
in accordance with latitude and longitude, 


often constitutes most of the spadework in 
the production of special resources maps 
such as forestry maps. Not only do they 
provide a base on which to establish the 
network of forest type lines but also without 
further ado they are of prime importance to 
the forester as a guide to routes of travel 
and accessibility of timber. Another point 
is that the importance of contour lines in 
relation to the cutting and transportation 
of wood should not be overlooked. 

In the case of Canada, the Dominion 
Forest Service has been instrumental in in- 
vestigating the value of a series of published 
fcrestry map sheets. . . . The scheme antici- 
pates the coverage of the country by pub- 
lished forestry maps in a manner hitherto 
reserved for topographic, geologic, and soil 
maps. In this plan, forest inventory maps 
are produced by photo-lithographic meth- 
ods. . . . The maps are prepared by the aid 
of air photographs and provide general in- 
fcrmation as to the type, height, and den- 
sity of each subdivision of the forest. 


4. AGRICULTURE 


Examples cited by E. A. Norton, Assistant 
Chief, Soil Conservation Service, U. S. 
Department of Agriculture 


(a) The cost of running contours by pho- 





11 Supra, footnote 5, pp. 34-35. 


togrammetric methods for the planning of 
the watersheds in the “Watershed Protec- 
tion Program,” under the jurisdiction of 
the Soil Conservation Service, averages 
about $1.00 per acre. This cost includes 
the cost of new aerial photographs. In 
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comparison, the per acre cost of obtaining 
the necessary contours by field survey meth- 
ods would average $8.00 to $14.00 per acre. 
Involved in this work for fiscal year 1954 
is about 3 millon acres. No doubt this 
acreage will grow—double or treble in years 
to come. 

(b) A 25 percent saving in man-hours 
has been made by using photogrammetric 
methods in the compilation of all maps 
completed by the Soil Conservation Service 
during the last 10-year period. In addi- 
tion to this saving, work of better technical 
excellence was accomplished. 

(c) The cost of contour mapping re- 
quired to lay out detailed irrigation and 


5. GEOLOGY 


Extracts from “Promoting Stripping Effi- 
ciency by Aerial Mapping” by 
George L. Hess}? 

Fast, low-cost air surveys provide facts 
for: 
Estimated coal acreage Locating spoil dumps 
Delineating crop lines Plotting property lines 
Plotting boreholes Planning redevelopment 
Computing overburden Planning rail spurs 
Timber inventory Aiding geologic study 


Photo reconnaissance at a few cents an 
acre—topographic maps at half the cost of 
ground surveys—these are the air-survey 
economies that put up-to-date mapping cov- 
erage within the strip-mining budget. These 
savings, however, are only part of the rea- 
son why more stripping engineers are plan- 
ning for aerial mapping of their properties. 
The multiple uses for aerial maps and pho- 
tos is the big factor. .. . 

Unlike ground surveys, aerial mapping is 
flexible. The same set of aerial negatives 
will do three jobs. First, you get aerial 
photos for stereoscopic study. They can be 
assembled into a photo-mosaic—a good re- 
connaissance map. Then, with the areas 
of interest defined, a contour map can be 
compiled from this same aerial photographic 
base. Each of these products of the aerial 
survey can be used in money-saving ways. 


~ 32 Coal Age, October 1950. 





SURVEYING AND MAPPING 


drainage work on farms in soil conserva- 
tion districts averaged $0.30 per acre by 
using photogrammetric methods. An aver- 
age of 234 million acres of this kind of 
work has been done annually for the last 
several years. The average cost of obtain- 
ing a comparable contour map by field sur- 
veys has been about $10.00 and this does 
not take into account interruptions for bad 
weather and necessary travel time. 

(d) Aerial photo mosaics used in pre- 
liminary planning for a group irrigation 
and drainage job saved 55 percent of the 
time of planetable survey or other type of 
field survey methods of map development. 


AND MINING 


The map’s usefulness develops and grows 
within the mining company. A number of 
companies have found that after the maps 
are at hand scarcely a week passes that an 
office solution is not found for problems 
which before could be solved only by send- 
ing men into the field. The saving in time, 
plus the saving in the cost of the field par- 
ties, is substantial. The needed map facts 
are there—detailed, accurate, up-to-date, 
and readily at hand for management deci- 
sions. They speed the solution of many 
an operating problem, from rapid quanti- 
tative estimates of acreage and overburden 
to broad redevelopment planning. 


“Value of the National Topographic Map 
Series to the Geologist” by R. C. Ste- 
phenson, Asst. State Geologist, 
Pennsylvania 


Speaking as a geologist, I represent a 
field of science which has long championed 
the preparation of more and better topo- 
graphic maps... . 

Topographic expressions of geologic phe- 
nomena are invaluable to the geologist in 
his interpretation of earth history, and the 
advantage of good topographic maps in geo- 
logic investigations, is, therefore, obvious. 

Engineers, soil conservationists, hydrolo- 





18 Supra, footnote 5, pp. 18-19. 
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gists, foresters, militarists, and others, who 
in their activities deal with features of the 
earth’s surface, turn to the topographic map 
for physiographic data—for “terrain appre- 
ciation.” We see then that a phase of 
geology, namely physiography, is a prin- 
cipal concern of topographic map users, 
whether or not they are aware of it. 

The accuracy of a geologic map is deter- 
mined largely by the type and quality of 
the base on which it is prepared. If a 
good topographic base is available, the 
geologist can record the geology accurately 
in three dimensions. On the contrary, the 
lack of topographic maps may destroy much 
of the value of serious geologic effort. To 
illustrate specifically, the second geological 
survey of Pennsylvania (1874-1887) pro- 
duced voluminous reports on the geology 
and mineral resources of the State. Fun- 
damentally, this work was excellent, but 
the practical value of the resulting geo- 
logic maps was seriously limited by inaccu- 
rate horizontal control and little or no ver- 
tical control. 


Extract from “Value of Topographic Maps 
to the Oil Industry” by George H. Lacy, 
Chief Engineer, Gulf Oil Co., 


Houston, Tex." 


In the early days of the oil industry, the 
“wildcatter” was a very colorful figure, and 
his methods were haphazard as well as 
crude. For instance, his selection of a 
drill site was chosen by a flip of a coin, per- 
haps, or he would sail his hat out, and 
wherever it hit, he would drill... . 

Although science has not taken all of the 
risk out of prospecting for oil, there are 
very few exploratory wells where the most 
scientific methods known are not used, and 
they call on the geologists, the geophysicists, 
and the paleontologists to furnish this 
knowledge in trying to find a spot where oil 
can be found. ... 

It is obvious from the above that accu- 
rate topographic mapping of the area in 
which they are working is invaluable to 
those scientists. In conducting this inves- 
tigation by geophysicists, naturally, it is 





14 Supra, footnote 5, p. 23. 


necessary for them’ to have not only con- 
tour maps, but ownership maps. 


Extract from August 31, 1953, letter from 
Chief Geologist, Kentucky-West Virginia 
Gas Co., Ashland, Ky., to Phil M. 
Miles, Kentucky State 
Government 


As to the completion of new topographic 
mapping of the State, I can assure you, 
from my twenty-eight years of experience 
in the gas development of Eastern Ken- 
tucky, that I consider this work by far the 
most important contribution to exploration 
of oil, gas, coal, and other minerals ever 
made. 

The first and most important factor 
[needed before beginning] any exploration 
and development is a good base map... . 

It is my honest opinion that from the 
standpoint of oil, gas, coal, and all other 
mineral exploration and development, and 
for highway and agricultural use and for 
military value, the new topographic maps 
are one of the greatest contributions Ken- 
tucky has ever made to her people and 
others interested in our great Common- 
wealth. 


Extracts from August 13, 1953, letter from 
W. D. Charner, District Geologist, Car- 
ter Oil Co., Bowling Green, Ky., to 
Phil M. Miles, Kentucky State 


Government 


It has been my experience during many 
years of petroleum exploration, that the re- 
sults of any exploration program are greatly 
influenced by the quality of the basic sur- 
face mapping. It can be truly said that 
the quality of geologic mapping is only as 
good as the quality of the base maps used. 
Detailed work is not possible without a de- 
tailed and accurate base map... . 

I think that the availability of the new 
topographic map influences to a degree the 
planning of locations for new exploration 
work. That is, where there is a choice of 
areas to work, we would undoubtedly put 
our efforts into an aiea covered by accu- 
rate topographic maps where possible to do 
so. Other areas we might hesitate to enter 
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at all because of the poor quality of old 
mapping, or entire lack of adequate map- 


ping. 


Extract from August 26, 1953, letter from 
President, W. G. Duncan Coal Co., 
Greenville, Ky., to Phil M. Miles, 
Kentucky State Government 


[Our records show] that the topographic 
mapping is being done for about $12,000 
for a 72-minute quadrangle. 

It is necessary for us to have such maps 
in advance of stripping or mining under 
less than 100 feet of cover. We do some 
of this work by transit and stadia methods 
on a 100-feet-to-one-inch scale and this 
costs about $3.00 per acre or almost 10 
times the cost that you mentioned. 

We have spent thousands of dollars mak- 
ing such maps that could have been saved 
if the Federal maps had been available 
earlier. 


(Eprror’s Notre.—The following five extracts 
refer to special magnetic maps which in turn 
are made with the aid of topographic and geo- 
logic maps and aerial photography. ) 


Extracts from “Aeromagnetic Survey Helps 
Find New Pennsylvania Iron Orebody” 
by Homer Jensen, Chief, Magnetom- 
eter Section, Aero Service Corp. 


The advent of the airborne magnetometer 
only a few years ago aroused high hopes 
that mineral exploration would be tremen- 
dously aided. These hopes have been real- 
ized, and here is but one example—the dis- 
covery of a new large blind iron orebody in 
eastern Pennsylvania. The 900,000-acre air 
survey leading to the discovery was made 
at a cost of less than 7 cents per acre. De- 
tails are released through courtesy of the 
progressive mining company which made 
the recent important discovery. . . . 

The airborne magnetometer recently dis- 
covered an important new iron ore deposit 
in a blind area in eastern Pennsylvania. 
The air survey located a massive magnetite 
body overlooked in many past ground stud- 
ies. The body is at a depth of 1,500 to 
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3,000 feet and no surface expression is 
apparent. 


Abstract of “Aeromagnetic Survey of the 
Allard Lake District, Quebec” 
by Weston Bourret 


During the summer of 1947 Kennco Ex- 
plorations, Ltd., made an airborne mag- 
netometer survey of a large anorthosite 
body in eastern Quebec known to contain 
deposits of ilmenite-hematite. The purpose 
of the investigation was to determine the 
regional limits of ilmenite-hematite min- 
eralization and prospect for additional de- 
posits. Over 4,500 linear miles of magne- 
tometer traverse were flown at an elevation 
of approximately 500 feet above the ground. 
The general geologic setting and aeromag- 
netic results are discussed. The survey was 
not only successful, but was completed in a 
small fraction of the time that would have 
been required by ground-traversing methods. 


Extracts from “Airborne Magnetic Survey 
in Maine Speeds Search for Mineral De- 
posits” by Patrick M. Hurley, Geol- 
ogy Department, Massachusetts 
Institute of Technology 


The increased demand for asbestos 
prompted active prospecting of an occur- 
rence south of Spencer Lake in Maine last 
year, which led to interest in a belt of ultra- 
mafic rocks in this region that had been re- 
ported in the literature but not mapped. 
During the exploration of this 1,200-square- 
mile area in northwestern Maine, the cor- 
relation of magnetic and geologic data ob- 
tained by the airborne magnetometer and 
field parties demonstrated the utility of 
aerial magnetics in such reconnaissance 
work. ... 

Flying of the Maine area was completed 
during the first two weeks in May. By the 
first week in June, the preliminary mag- 
netic maps were delivered, in time for plan- 
ning and field use... . 

The use of the magnetic intensity maps 
permitted rapid reconnaissance of the 1,200- 
square-mile area. In three and one-half 
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months, a three-man field party was able to 
map in reconnaissance the entire area, feeling 
at the conclusion that nothing of economic 
significance had been missed. This speed 
and assurance was possible because of the 
magnetic intensity maps, which proved to 
be ideal for blocking out areas which could 
be eliminated from consideration with a 
few traverses, and for indicating areas 
where concentrated examination was needed. 


Extract from “Aerial Surveying Speeds 
Mozambique Exploration”™ 


Aerial reconnaissance with the mapping 
camera and airborne magnetometer is 
speeding exploration work by the Mozam- 
bique Gulf Oil Co. of its 42,000-square- 
mile concession area in Portuguese East Af- 
rica. Preliminary aerial magnetic maps 
covering 7,000 linear miles of the survey 
have already been delivered. 


Extract from “Magnetic Air Surveys Go 
Global to Help in Revealing Ore and 
Oil” by David D. Frank*® 


Why the Airborne Magnetometer? 

James R. Balzley, Jr., airborne geophysi- 
cist for the U. S. Geological Survey, an- 
swers with an example: “A four-man crew 
made a survey of 3,170 square miles in the 
Adirondacks with flight lines usually a quar- 
ter-mile apart—a total of 11,300 miles of 
traverse. The cost of an equivalent ground 
survey with dip needles would be 17 times 
as great as the airborne and would have 
required 27 six-month field seasons with a 
four-man crew—about 80 times the time 
required for the airborne survey. In addi- 
tion, the ground survey would have been 
considerably less detailed and less accurate. 

“The airborne magnetometer,” he de- 
clares, “will by no means replace the usual 
surface instruments, but will certainly serve 
to delineate areas that deserve intensive 
work.” 


(Eprror’s Note.—The following discussion of 
“published geological reports” includes geo- 


15 World Oil, March 1949. 
1€ Wall Street Journal, December 20, 1947. 
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logic maps as a major element. The field work 
was generally done with the aid of some topo- 
graphic mapping and aerial photography. ) 


“The Role of Published Geological Reports 
in Foreign Mineral Development” by Dr. 
W. D. Johnston, Chief, Foreign Min- 
erals Branch, U. S. Geological Survey 


The question “How does the publication 
of a geological report on a foreign mineral 
deposit help its development?” might well 
be answered by reviewing the experience of 
the U. S. Geological Survey’s work in Brazil 
during the past decade, during which field 
examinations in cooperation with the De- 
partmento Nacional da Procudao Mineral 
have led to the publication of several re- 
ports that have played an important part 
in mineral development in that country. 

The manganese deposits of Morro do 
Urucum, Matto Grosso, were studied in 1941 
and Bulletin 946-A, published in 1945, 
called attention to a reserve of 33 million 
tons of 45.6 percent manganese ore. This 
deposit was then reexamined by the U. S. 
Steel Co., and, in 1949, that company en- 
tered into an agreement with the Brazilian 
concessionaires to finance a new company 
for its development and export. 

The manganese deposits of the Serra do 
Navio District, Amapa, were studied in 
1948 and Bulletin 964-A, published in 1949, 
estimated a reserve of 74 million tons of 
50 percent manganese ore. Subsequently 
the Bethlehem Steel Co. joined the Bra- 
zilian concessionaires in forming a joint 
U. S.-Brazilian company and drilled the de- 
posit, proving a minimum of 10 million 
tons of 50 percent manganese ore. Rail- 
road and port surveys are not completed 
and production is expected in about 2 
years. When the two deposits are in pro- 
duction, the Western Hemisphere will be 
self-sufficient in manganese ore. 

The nickel deposits of Sao Jose do To- 
cantins were studied in 1942 and Bulletin 
935-E, published in 1944, indicated a re- 
serve of 300 million pounds of nickel. Con- 
currently with the survey field work, the 
American Smelting and Refining Co. op- 
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tioned the deposit, but abandoned its op- 
tion because of uncertainties in metallurgi- 
cal treatment. Having the published rec- 
ord encouraged the Falconbridge Nickel 
Co. to option the property in 1951 and 
plans are now under discussion for its de- 
velopment. It appears likely that the De- 
fense Materials Procurement Agency will 
finance some part of this development. 

The barite deposits of Camand Bay, 
Bahia, were studied in 1946 and Bulletin 
960-A, published in 1948, estimated a re- 
serve of 700,000 tons of commercial barite 
at tidewater. A Brazilian company in 
which National Lead Co. participates has 
developed this property. 

The magnesite deposits of Central Ceara 
were studied in 1946 and Bulletin 962-C, 
published in 1950, indicated a reserve of 2 
million tons of commercial magnesite. The 
Harbison Walker Co., learning of the de- 
posits through the published bulletin, made 
a field check and, in 1951, formed a Bra- 
zilian company to develop the deposits. 

The mica deposits of Brazil were studied 
in the war period, 1942-45, and a number 
of reports designed to aid mining were 
published in Brazil. In 1950, Bulletin 
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964-C, summarizing knowledge of Brazilian 
mica occurrences, was published. This in- 
formation is now available should a new 
mica purchase program become necessary. 

Other studies of beryl, tantalite, tungsten, 
and quartz crystal have been published in 
technical journals and in the bulletin series 
of the D. N. P. M. in Brazil. This infor- 
mation on occurrences and reserves of these 
strategic minerals is available should an 
emergency arise. 

The point to be made is that competent 
technical field studies, including precise 
mapping of mineral resources, when pre- 
sented in published form so that copies are 
freely available to industry, is an effective 
stimulant to the development of these re- 
sources. By publishing the results, the tech- 
nical agency making the study plays no 
favorites—the picture of ore reserves is pre- 
sented for all interested parties to see and 
to consider means for their development. 
Such studies must be made and published 
by an agency in whose technical competency 
industry has complete confidence, and the 
findings must be presented in the restrained 
form expected in sound engineering prac- 
tice. 


6. CITY PLANNING 


Extracts from “Cleveland Buys an Aerial 
Map” by G. Brooks Earnest, Professor, 
Engineering Surveying, Case Institute 
of Technology, Cleveland, Ohio 

At slightly less than half of ground-sur- 
vey cost, and one-fiftieth of ground-survey 
time, Cleveland is getting an aerial topo- 
graphic map that already is paying divi- 
dends in reduced project planning costs. . . . 

The recently organized Cleveland Re- 
gional Planning Commission will tackle 
problems relating to both sanitary and 
storm sewerage distribution, freeways, park- 
ing, traffic distribution, rapid transit loca- 
tion, zoning, and other related planning for 
which the aerial photos and the topographic 
mapping will be indispensable. 


Extract from June 10, 1953, letter from 
Mobile (Alabama) Chamber of Com- 


merce to U. S. Geological Survey 


We would like to take this opportunity 
to thank both you and your department for 
this project, for these maps have been and 
will be of great value to our office and the 
many people using them in our area. 

By use of the topographical map and 
acrial photographs we are able, in most 
cases, to make a very satisfactory prelim- 
inary survey of an area and also we use a 
great number of these maps in spotting 
available industrial sites for interested in- 
dustry. 

It will be most difficult for us to give defi- 
nite amounts of time or money that are 
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saved by use of these maps but I am quite 
sure that if it were possible it would be of 
considerable quantity. 


Extract from February 24, 1953, letter from 
Thomas M. Moore, Realtor, Mobile, Ala. 


I am speaking for my office, and the prin- 
cipal type of realty we handle is industrial 
real estate. We have inquiries from a great 
many different cities for industrial locations 
and are always asked to furnish maps with 
our reply and have found the 72-minute 
quadrangle maps invaluable. . . . We greatly 
prefer to use the white background map; 
these maps are a considerable time saver 
and the cost to the user is small compared 


to the value of the-maps. 


Quotation from Dr. E. G. Faludi, President 
of Town Planning Consultants, 
Toronto, Canada 


Air survey is to former methods what the 
jet aircraft is to the horse and buggy. For 
landowners, developers, contractors, and 
municipalities, we can estimate very exactly 
—with the aid of air mapping—that the 
cost per foot frontage in a given develop- 
ment will be X—and not Y. This method 
provides economy in development. We use 
it because we’re practical people—because 
of its economic and technical advantages, 
we can’t afford not to use it. 


7. STATE AND REGIONAL PLANNING 


Extracts from “Importance of Topographic 
Maps of the Maryland Planning Commis- 
sion” by I. A. Pasarew, Director, 
Maryland, Planning Commission" 

The Commission is called upon frequently 
by local levels of government and other 
State agencies concerning problems of hous- 
ing, zoning, transportation, public utilities, 
aviation, recreation, capital improvements, 
economic surveys, and regional planning. 
Very often it is necessary that a hurried or 
preliminary appraisal be made which in- 
volves the use of an adequate topographic 
map. The USGS quadrangle sheets as pres- 
ently prepared serve this purpose excel- 

lently. . . . 

I might divert . . . to point out that ever 
so frequently time is a very important con- 
sideration in some of this planning effort, 
to the extent that if a program or planning 
can be fully developed and costs prepared 
on some reasonable basis, it means the dif- 
ference between an appropriation either 
this year or 2 years from now, and for the 
institutions that are badly in need of such 
improvements, that is quite some delay. 
And as I have pointed out, with the use of 
these topographic maps we can frequently 
save considerable time with great advan- 
tage.... 





1T Supra, footnote 5, pp. 14-17. 





What I have said here today should cer- 
tainly prove to you, if there is any need for 
proof, that maps are a vital tool in our 
planning for the physical, social and eco- 
nomic development of our respective States. 


Extracts from “What’s a Map Worth?” by 
Leo ]. Zuber, Metropolitan Planning 
Commission, Atlanta, Ga.** 


What is a map worth? Is it worth what 
it costs to make? The real value of a map 
cannot be gauged by what it costs but rather 
ky the service it renders. In a very real 
sense, sometimes maps do not cost anything; 
they pay for themselves. . . . 

There are many instances in which topo- 
graphic maps make a difference, a big dif- 
ference. One community gets a new indus- 
try, but another isn’t even considered as a 
possible location. A right-of-way is chosen 
for a highway or railroad, and engineers 
know that they have chosen wisely, cor- 
rectly, and in a minimum of time. “Lost 
land” is placed on tax books. Hitherto 
unrecognized natural resources become 
available. Any one of these services can 
more than offset the original cost of a topo- 
graphic map... . 

In 1942 the U. S. Army was looking for 
a midcontinental location for a $30,000,000 


18 Supra, footnote 4. 
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chemical warfare munitions plant. It had 
to be built on fairly level terrain, close to 
railroads and to a source of pure water. 
In addition, it had to be near enough to a 
populous area to obtain labor, but far 
enough away to provide safety. 

. . - In some places, long-range surveys 
were begun, but the Denver, Colo., Cham- 
ber of Commerce merely laid out the four 
sheets of large-scale topographic maps 
which cover the city and its adjacent area. 
... When the Army Engineers received this 
material, there was no need to make a trip. 
They could see all they were looking for on 
a map laid out in Washington. This was 
industrial location with a “new look”; and, 
by the method of the old Chinese saying 
that “one picture is worth ten thousand 
words,” they were sold. In a matter of 
hours, Denver had a $30,000,000 industry. 

Engineers have estimated that as 
much as 70 percent can be saved on pre- 
liminary surveys for the selection of indus- 
trial sites if topographic maps are available, 
not to mention the advantages of a prop- 
erly chosen site once the industry is estab- 
lished. 

Taxable Property.—It is known that the 
area of Kentucky is approximately 26,000,- 
000 acres, but somewhere within this vast 
region about 1,200,000 acres are unac- 
counted for. The practice of writing deeds 
to cover so much area “more or less,” or 
“from a stone’s throw from the old oak 
tree” is responsible for this 5 percent dis- 
crepancy. ... 

Natural Resources.—In one northeastern 
State it has been estimated that an adequate 
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mapping program could be established and 
maintained at a cost of only fifteen-thou- 
sandths of | percent of the value created by 
the mineral, forest, and agricultural indus- 
tries each year. Such an expenditure is in- 
significant in comparison with the benefits 
which could be gained through such a 
program. 


Extracts from “Aerial Photography for State 
and Local Planning” by Francis A. Pitkin, 
Exec. Director, State Planning Board, 
Harrisburg, Pa. 


In general, it is difficult to think of any 
phase of governmental planning involving 
the use of large areas of land which cannot 
be greatly facilitated by the use of aerial 
photographs. 

(Note: Mr. Pitkin then lists 34 uses of 
aerial photography by the Pennsylvania 
State Government.) 

. .. I could cite just one example—the 
selection of a site for a TNT plant involv- 
ing something over ten thousand acres— 
where the immediate availability of air pho- 
tographs enabled us to select a site satisfac- 
tery to the Army officials and which in- 
volved an expenditure for land acquisition 
$600,000 less than the site originally se- 
lected by the Army. The saving involved 
in this project far exceeds the cost of our 
Statewide air photography. 

You will note that the long list of uses 
which I have just given apply only to the 
use of these air photographs by agencies of 
the State government. An equally impres- 
sive list of uses by local governmental agen- 
cies could be given. 


é 


New Book and Maps for Uranium Prospectors 


Uranium—Where It Is and How to Find It 
is the title of a new book by Paul Dean Proctor, 
Edmond P. Hyatt, and Kenneth C. Bullock. 

In addition to such subjects as economic 
uranium minerals, types of uranium deposits, 
where to find uranium deposits, sources of in- 
formation, field equipment, and Geiger coun- 
ters, the book includes a series of maps show- 
ing the uranium-bearing rock units of the Colo- 


rado Plateau and other important areas. 

Copies of the new book may be obtained 
from bookstores or the national distributor, Re- 
sources Engineering Company, 3757 Wilshire 
Blvd., Los Angeles, Calif. The price is $2.50. 
Copies are also available for study at various 
libararies throughout California, including the 
Division of Mines Library in the Ferry Building, 
San Francisco. 








abi 


ad 
be: 
pa 
pre 
an 
ga 
ra) 
ar 
sys 


ob 
su 
ga 

( 


el 
sit 


<< > 





PING 


| and 
thou- 
ed by 
ndus- 
is in- 
nefits 
ch a 


State 
kin, 


f any 
ving 
annot 
aerial 


es of 
vania 


—the 
volv- 
Tes— 
 pho- 
isfac- 
h in- 
sition 
y se- 
olved 
f our 


* uses 
o the 
ies of 
ipres- 
agen- 


tained 
r, Re- 
ilshire 
$2.50. 
arious 
ig the 
ilding, 








Raydist in Hydrography and Surveying 


By CHARLES E. HASTINGS 


PRESIDENT, RAYDIST NAVIGATION CORPORATION, HAMPTON, VA. 


HE ART of electronic surveying has 

been developing very rapidly since the 
last war. Pulse- and radar-type techniques 
as exemplified by Shoran have already found 
much use and have been proven as accurate 
surveying tools. Continuous-wave, hetero- 
dyne, phase-comparison systems such as 
Raydist show promise of becoming even 
more valuable in the field of electronic sur- 
veying because of their simplicity, reliability, 
considerably higher accuracy, and their suit- 
ability for operation at ranges beyond line 
of sight. 

Phase-comparison systems without the 
advantages of the heterodyne principle have 
been widely used throughout Europe for the 
past ten years. They have been used for 
precise distance and position measurement 
and also for general air and marine navi- 
gation. These continuous-wave systems are 
rapidly gaining acceptance throughout large 
areas of the world in preference to the pulse 
systems generally advocated in this country. 

All electronic surveying systems have one 
obvious advantage over optical methods of 
surveying in that they can be operated re- 
gardless of weather or visibility conditions. 
Continuous-wave techniques have, in gen- 
eral, marked advantages over the pulse-type 
electronic systems in that they offer con- 
siderably higher accuracy and are suitable 
for operation beyond line of sight, whereas 
the pulse-type systems are seriously limited 
in this respect. Raydist, by the incorpor- 
ation of the heterodyne principle, has not 
only the advantages common to all contin- 
uous-wave systems, but offers still higher 
accuracies with a minimum of frequency 
requirements. 

Within the past few years, Raydist has 
been able to prove these advantages in field 
operations and to establish its value as a 
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surveying tool. First-order surveying ac- 
curacies have been obtained under some of 
the most unusual and exacting field con- 
ditions. Raydist has been used on a 24-hour 
basis, day in and day out, by both Govern- 
mental and commercial users. Propagation 
paths have included sea water, fresh water, 
dense tropical growth, rugged mountainous 
regions, and virtually all combinations 
thereof. Ranges in excess of 250 miles have 
been achieved without the necesity for high- 
altitude flights. Systems have operated in ex- 
cess of 100 miles at night, have operated well 
beyond line of sight, and throughout all 
types of weather including severe thunder- 
storms. Increased ranges are of course 
practical with increased power, higher an- 
tennas, and lower frequencies. 

These results are not limited to our own 
operations. As will be discussed later, the 
Bureau of Standards recently used Raydist 
techniques (reference 1, at end of this arti- 
cle) to measure a distance of 1,500 meters 
(less than 1 mile) and reported a probable 
error of better than 1 part in 90,000. J. Th. 
Verstelle of the Dutch Navy also reported 
recently that by the use of phase measure- 
ments in Europe they were able to measure 
lines of 162 kilometers, 157 kilometers, and 
171 kilometers with absolute accuracies of 
1 part in 54,000, 1 part in 63,000, and 1 
part in 90,000 respectively, (reference 2). 
Mr. Verstelle’s opinions regarding the ac- 
curacies obtainable with phase-comparison, 
continuous-wave systems are essentially the 
same as those expressed herein; namely, that 
early inabilities to obtain high accuracies 
for overland distance measurements resulted 
from insufficient experience with early 
equipment and lack of knowledge of propa- 
gation considerations and data evaluation, 
rather than from any inadequacies of the 
basic phase-comparison techniques. 

Before discussing the individual jobs in 
which we have successfully used Raydist 
during the past few years, let us first con- 
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sider just what Raydist basically is and how 
it is used in the various types of applications. 


FUNDAMENTAL PRINCIPLES 
OF RAYDIST 

I shall make no attempt here to discuss 
at length the technical details of Raydist 
systems. Much information of this type has 
already been published (references 3, 4, 5, 
and 6) and is available from the writer for 
those desiring more technical information. 

Let me just say, simply, that Raydist is a 
primary method of determining distances or 
differences in distance in terms of phase 
shift. Basically, continuous-wave transmit- 
ters emit continuous radio signals which dif- 
fer from each other by audio frequencies. 
These heterodyne audio frequencies are re- 
ceived at two or more points. By compar- 
ing the phase of the signal as received at the 
various points, accurate distance determin- 
ations can be made. Determination of pre- 
cise distance to several points allows deter- 
mination of position, either in a plane or 
three-dimensionally in space. 

System configurations and equipment ar- 
rangement vary depending upon the appli- 
cation and the type of data presentation de- 
sired. Some Raydist systems are hyperbolic 
in nature in that the data are determined 
in terms of hyperbolic lines of position. 
Other Raydist systems are not hyperbolic 
and data are presented directly in terms of 
range. Some systems are “saturable,” mean- 
ing that only a limited number of users may 
obtain data from a given system simultane- 
ously. Other systems such as those now in 
use in the Gulf of Mexico by the oil industry 
are “non-saturable” and supply position 
data to any number of users simultaneously. 

Not only do the systems vary, but the 
locations of the Raydist components often 
vary within the same type of system. In 
the hyperbolic system, for example, the Ray- 
dist components have been arranged to de- 
termine the position of a boat or aircraft 
and to record this position either in the 
moving object or at some fixed remote 
ground station. Systerns have been supplied 
with duplicate indicating equipment so that 
the position data recorded at the ground 
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station are also simultaneously indicated in 
the moving object. Tracking applications 
naturally require an arrangement with the 
data recorded at a ground station while 
navigation requires position data in the 
moving vessel. Location of the equipment 
depends primarily upon the end results de- 
sired by the user. 


NEWEST RAYDIST SYSTEM—TYPE ER 


The newest Raydist system, Type ER 
Raydist, is probably the most suitable for 
hydrography and surveying applications, 
and is therefore the only system I shall dis- 
cuss in detail at this time. For more com- 
plete details see reference 3. 

The type ER Raydist is not hyperbolic 
but furnishes the user position data directly 
in terms of range from two known points. 
No hyperbolic computations or overlays are 
required, and the plotting of points may be 
performed on maps of any scale. 

The system consists of two shore relay 
stations and the shipborne equipment as 
shown in figure 1. All of the equipment is 
light, portable, and requires very little in- 
stallation time. The shore stations are set 
up at any convenient locations along the 
coastline. The ship-borne equipment nor- 
mally consists of a continuous-wave trans- 
mitter, the Raydist Master Station equip- 
ment, and the desired indicating and re- 
cording equipment. However, the Master 
Station equipment may be located at a fixed 
shore point if it is desired to record the posi- 
tion at a shore station rather than use the 
data for navigation purposes. 

As a surveying tool, Type ER Raydist al- 
lows distances to be determined quickly and 
easily without hyperbolic calculations or 
overlays, offers increased precision over 
greater areas because it is not subject to the 
severe geometric dilution of precision of 
hyperbolic systems at the greater ranges, 
and offers real advantages in savings of time, 
money, and effort. 


RANGE AND ACCURACY 


Similar to the comparison between the 
equipment and techniques necessary for 
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first-order triangulation nets and ordinary 
surveying, light-weight Raydist 
equipment is sufficient for general survey- 
ing work and heavier equipment and more 
care are required for long ranges and 
highest possible accuracies. 


simple 


From the fundamental equations of the 
mathematics of Raydist (reference 4) it 
can be shown that the accuracy of Raydist 
measurements depends essentially upon two 
factors; the stability of the frequency trans- 
mitted and the velocity of propagation of 
radio waves. A third factor, the accuracy 
of the actual phase measurement, would 
only become important at very short ranges 
or at extremely low frequencies. Frequency 
stability can easily be controlled to a few 
parts per million, leaving the correct value 
of the velocity of propagation of radio 
waves as the only important factor in ques- 
tion. 

The uncertainty of the exact correct 
value of the velocity of propagation and the 
determination of the relative effects of such 
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constants as terrain, -humidity, etc., on this 
value have probably been the biggest diffi- 
culties encountered in quickly adapting 
these phase-comparison techniques to first- 
order accuracies. 

As early as 1948 the Bureau of Standards 
recognized the value of applying Raydist 
techniques to high-precision methods of 
studying these constants and at that time 
they awarded us a contract for work in the 
field of velocity of propagation measure- 
ments. Since then the Bureau has done 
considerable additional work along these 
lines and has recently published some of the 
results of the studies (reference 1). 

The Bureau, in measurements made over 
flat arid country in the West, using Raydist 
techniques, obtained data which, when eval- 
uated in terms of distance by using the 
velocity of propagation generally accepted 
by the electronics industry, checked to 
within 1 part in 143,000. Using the velocity 
of propagation obtained by the new molec- 
ular method, the values checked to 1 part in 
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TYPE "ER" SYSTEM 





Ficure 1. 


HAMPTON, VIRGINIA 


Type ER Raydist. 








A TYPICAL RAYDIST RELAY STATION AND ANTENNA 
BASE. ALL EQUIPMENT IS LIGHT AND PORTABLE, 


AND THE COMPLETE SITE CAN BE ESTABLISHED 
WITHIN SEVERAL HOURS. 


97.000. 
tained these accuracies over the short base- 


It is noteworthy that to have ob- 


lines used, the distance measurements with 
Raydist techniques would have had to be 
accurate to less than 2 centimeters or a 
little more than one-half an inch. 

These results, as the Bureau of Standards 
points out, were obtained under carefully 
controlled field conditions. 
are all first-order accuracies, whether opti- 
cal or electronic. It appears certain, how- 
ever, that as our knowledge of propagation 
factors increases and our accumulation and 
analysis of empirical data increases, ac- 
curacies much higher than those required 
for first-order surveying are assured. 

Ranges in excess of 250 miles have been 
obtained with light-weight equipment using 
medium-range frequencies. At low fre- 


So, of course, 
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quencies with greater power and larger an- 
tennas, ranges of 3,000 miles seem entirely 
practical. The stability of atmospheric pro- 
pagation considerations has now established 
that first-order accuracies could be obtained 
even at these ranges, assuming the selection 
of appropriate operating frequencies. To 
achieve first-order accuracies at ranges of 
the order of 2,000 miles the frequencies 
would certainly have to be below 200 kilo- 
cycles. At ranges of less than | mile, to ob- 
tain corresponding accuracies, frequencies 
above 100 megacycles and directive anten- 
nas similar to those used by the Bureau of 
Standards would be required. 

Some of the best data released to date 
relative to accuracies obtained with Raydist 
when tracking three-dimensionally the posi- 
tion of an aircraft in space were obtained 
by the Patrick Air Force Base Missile Test 
Center (reference 7). An evaluation of 
the accuracy of the Raydist data was made 
by determining the position of the aircraft 
simultaneously with Raydist and with opti- 
cal measurements throughout the range 
of the optical instruments. Raydist, how- 
ever, tracked the aircraft long before it got 
within range of the optical instruments 
and long afterwards. The Raydist data 
were considerably smoother and less erratic 
than the phototheodolite data, and the re- 
sults are rather conclusive that Raydist was 
well within the checking accuracy of the 
theodolite optical data. 


LANE COUNTS AND AMBIGUITIES 

The very high accuracies obtainable with 
Raydist are in part due to the fact that the 
accuracy with which the shift in phase is 
measured does not have to be the equivalent 
of the accuracy to which the distance is be- 
ing measured. In other words, the phase- 
shift measurement is the equivalent of a 
vernier reading which is added to or sub- 
tracted from the total number of lane-count 
readings to obtain the distance. Thus, it 
is necessary to know both the number of 
whole counts or lanes and also the phase- 
shift readings for the exact position in the 
given lane. 

There has been criticism of phase-com- 
parison systems based on the fact that it is 
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necessary to resolve ambiguities regarding 
the lane count to obtain the correct meas- 
urement. Resolving the ambiguities by 
actually counting the lanes might result in 
an error either because of an error in the 
counting process itself or because of an un- 
readible section of the record due to the 
failure of equipment or excessive interfer- 
ence at some particular time at or near 
maximum range. 

A relatively simple method has now been 
proven pratical for long lines where count- 
ing of lanes to determine whole count would 
prove burdensome or under conditions 
where questions might arise as to the cor- 
rect number of whole counts. By making 








measurements on several frequencies and 
calculating the number of whole counts or 
lanes, it is not necessary to go through the 
tedious job of counting them on the records. 
However, automatic counters have been de- 
veloped and proven entirely reliable if satis- 
factory antenna arrangements can be made 
on the aircraft or vessel and sufficient power 
is available for the range over which the 
system is being operated. 


TYPES OF RAYDIST APPLICATIONS 


Although it is necessary to take special 
precautions and use utmost care in order 
to obtain first-order accuracies, there are 
nevertheless many types of surveying work 
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A COMPLETE RAYDIST MASTER STATION INSTALLATION WITH LARGE AUTOMATIC PLOTTING BOARD FOR 
TRACKING OF AIRCRAFT ON A TWO-DIMENSIONAL BASIS. 
WRIGHT-PATTERSON 


THIS PARTICULAR UNIT WAS INSTALLED AT 
AIR FORCE BASE. 
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which do not require the ultimate in pre- 
cision but in which such factors as porta- 
bility, operation beyond line of sight, oper- 
ation in all types of weather, and general 
practicability of equipment are the im- 
portant considerations. 

One such type of application is that of 
hydrographic surveying. The precision of 
our hyperbolic systems has always been ex- 
cellent and the Norfolk District of the 
Corps of Engineers has been using such a 
system for dredging channels in the mouth 
of Chesapeake Bay for some years and has 
found it highly satisfactory and very time- 
saving (reference 8 However, this is a 
continuing operation over the same area 
and it has therefore been practical to make 
up hyperbolic overlays with a scale of 1 
inch equals 200 feet in the critical channel 
areas. 

Very satisfactory Raydist hydrographic 
surveying operations have also been ob- 
tained over the past few years by the Hydro- 
graphic Office of the Portuguese Navy off 
the Bank of Sofala in Portuguese East 
Africa, Mozambique, and off the Colony of 
Guine in West Africa (references 9 and 10 
respectively) . 

Raydist has also been in continuous use 
for the past several years for precise survey- 
ing and positioning in the Gulf of Mexico 
along the coasts of Louisiana and Texas for 
oil exploration and well-location operations 
for the oil industry (reference 11) .? 

Most hydrographic operations, however, 
are continuously moving along the shore- 
line or river and hyperbolic overlays are 
therefore expensive and cumbersome. The 
Coast and Geodetic Survey has felt that 
systems for their applications 
were impractical and not until we had satis- 
factorily developed our Raydist ER System 
which allowed the distances to be deter- 


hyperbolic 


mined directly in terms of range did they 
feel it was worth their while to evaluate 
Raydist systems. 

Late in the summer of 1954, at Sarasota, 
Fla., the Coast and Geodetic Survey used 


1See also “Electronic Surveying in Offshore 
Areas,” by G. A. Roussel, SuRveyING AND Map- 
PING, Jan.—Mar. 1955. 





SURVEYING AND MAPPING 


the Type ER Raydist System in some evalu- 
ation tests in the Gulf of Mexico. This area 
was selected because it was the critical lo- 
cation in relation to heavy thunderstorm 
conditions and radio interference. It was 
believed that if the system proved practical 
under these conditions, it would have pas- 
sed the extreme tests. We were particu- 
larly pleased with the unpublished reports 
(reference 12) which indicate that, with 
small equipment and antennas radiating 
energies from small temporary installations 
on the beach with power of less than 20 
watts, practical operation was obtained as 
far out as 20 miles in the Gulf, that for 
three weeks it was possible to operate on a 
24-hour basis, day after day, without any 
failures of the Raydist equipment, and that, 
in spite of severe thunderstorms, completely 
satisfactory operations were obtained. 

It was found that the differences between 
calculated values and Raydist indications 
were never greater than 5 meters and re- 
peatability of the Raydist system from day 
to day was generally better than one-half 
of this amount. There was a considerable 
amount of data in which the repeatability 
was better than 1 meter. Due to antenna 
structures in close proximity to the metal 
objects on the vessel and the fact that the 
antennas were not at a single point on the 
vessel, the apparent position of the boat in 
the system varied as much as 5 meters. 
From a study of the data it seems that, if a 
different effective center of the boat had 
been determined, the position error of the 
boat would have been less. 

A system has recently been completed for 
the Brazilian Hydrographic Office, in which 
we built equipment essentially the same as 
that used by the Coast and Geodetic Survey, 
but also supplied 100-watt amplifier units 
so that, when the 10-watt transmitters were 
insufficient for the requirements, they could 
be used in conjunction with the amplifiers 
to supply 100 watts of transmitted power. 
This enables the user to have the advantage 
of the lighter 10-watt equipment for most 
applications, but the ability to use 100 watts 
of power when necessary. 

Considerable Raydist experimentation 
has also been done with helicopters. It has 
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A-SMALL BUOY CONTAINING “RAYDIST" EQUIPMENT IS PLACED IN THE WATER. 


AN INDICATOR AND RECORDER IS INSTALLED ABOARD SHIP. 


THE SHIP MAY , 


MOVE IN ANY DIRECTION FROM THE BUOY AND A MEASUREMENT OF A 
DISTANCE AND SPEED CAN BE MADE AS ACCURATE AS | PART IN 5,000. 


Ficure 2.—Inset shows Raydist equipment aboard the S. S. United States. 


been found practical to indicate the posi- 
tion of a helicopter in the cockpit, or, with 
only a small transmitter in the helicopter, 
position of the craft can be determined on 
the ground. 

A little over a year ago we also were able 
to take Raydist data and feed it directly 
into the automatic pilot of a helicopter so 
as to give automatic two-dimensional con- 
trol of the helicopter. The system was set 
up at Patrick Henry Airport near Hampton, 
Va., so that left-and-right and fore-and-aft 
signals were supplied to stablize the heli- 
copter and maintain it on a fixed vertical 
axis in space. During this experimental 
work the greatest problem was in the sta- 
bility of the helicopter combined with the 
autopilot system, but with Raydist control- 





ling the autopilot, it was found possible to 
control the position of the helicopter to 
within a 5-foot circle as the pilot ascended 
vertically to 1,100 feet, the highest altitude 
tested. This precision could be attained so 
long as the stability of the helicopter due to 
winds or other factors did not adversely 
affect the system. 

An interesting application of Raydist to 
speed trials of ships is indicated in figure 2. 


SUMMARY 


Raydist has proven itself capable of first- 
order surveying accuracies. Raydist offers, 
in addition, advantages of simplicity, relia- 
bility, minimum frequency requirements, 
and operation beyond line of sight. 
Raydist has been successfully used for hy- 
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drographic mapping and charting, survey- 
ing of large over-water areas and difficult 
terrain, tracking of high-speed missiles and 
aircraft, and navigation and positioning 
services in connection with hydrographic 
exploration and seismic operations. Raydist 
systems are equally applicable to all other 
types of applications where precise position 
or distance determination is required. 
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Graphic Time Table of the Heavens 


HE Maryland Academy of Sciences pub- 
lishes annually a condensed and simple al- 
manac in graphic form. This Graphic Time 
Table gives the rising and setting times of the 
Sun, Moon, and brighter planets; the eclipses; 
the occultations of bright objects by the Moon; 
and other useful astronomical information. 
Computed for 40° North Latitude and 90° 
West Longitude (6 hours west of Greenwich), 
it is, therefore, exactly correct for only this point 
on the Earth.. The table can be used to ad- 
vantage anywhere in the United States, provided 
the user makes correction for the distance he 
may be east or west of his own time meridian. 


A table shows the plus or minus time cor- 
rections for the major United States cities. 

The standard chart measures 17 by 11 inches; 
a large (40- by 27-inch) wall chart contains 
additional information. Complete instructions 
for use of the Time Table are given on the back 
of the chart, with a summary of the changing 
events in the sky for the year. 

Copies of the Time Table may be obtained 
from the Maryland Academy of Sciences, Enoch 
Pratt Library Building, 400 Cathedral St., Balti- 
more 1, Md., at 25 cents each. On orders of 
20 or more, the price is 15 cents each. The 
price for the large wall chart is $1.00. 
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The Electronic Distance Meter 
for Precision Traverse Surveying 


By ERWIN GIGAS 


INSTITUTE FUR ANGEWANDTE GEODASIE, FRANKFURT a. M., GERMANY 


HE IDEA of modulating light waves 

of about 0.6 » wave length is not new. 
The unmodulated light wave is too small a 
unit for measuring large distances. It is 
used only as a carrier wave and a much 
larger modulated wave of more than 10 
meters is impressed upon the light wave. 
If, for instance, a frequency of 8.3 mega- 
cycles is used, we get a modulated wave of 
about 36 meters. Since light waves reveal 
themselves in a manner similar to wave 
crests and complete darkness 
(nodes) will be encountered every 18 meters 
and in the same way, but displaced by 9 
meters, utmost brightness 
every 18 meters. Thus, a 
modulated wave corresponds 
to a scale with divisions 18 
meters apart. 

If this method is used to 
measure distances, measure- 
ments of light intensity have 
to be made at both ends of 
the line at exactly the same 
moment. If, at the starting 
and end points, the light in- 
tensities are found to be 
equal, the distance is a whole 
multiple of 18 meters. If the 
intensity differs at the end 
points, one of the end points 
would have to be moved for- 
ward or backward by not 
more than 9 meters in order to obtain equal 
intensity at both end points. 

Since it is very complicated to compare 


troughs, 


Presented at the Fifteenth Annual Meeting, 
American Congress on Surveying and Mapping, 


Washington, D. C., March 9-11, 1955. In the 


absence of Dr. Gigas, the paper was read by G. 
Stubbe of the Askania-Werke, AG, Berlin-Freide- 
nau, Germany. 

See also “Surveying With the Velocity of 
Light,” by Milton E. Compton, Jr., SuRvEyING 
AND MappinG, July-September 1954. 
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the intensity of light at two distant points 
at the same time, the light at the far end 
of the line to be measured is reflected by a 
mirror and the intensities are compared at 
the starting point. This means that twice 
the distance is measured. 


BASIC PRINCIPLES OF THE INSTRUMENT 
The practical application of this method 
involves two basic problems: 
1. The modulation of light waves. 


2. Intensity comparison of the emitted and 
reflected light. 





Field operation of the EDM, laboratory model. 


The first-mentioned task was solved about 
20 years ago, when Mittelstadt and later 
Hiittel in Leipzig modulated light by high 
frequency in order to determine light veloc- 
ity. They applied a Kerr cell for this pur- 
pose. 

A Kerr cell is a small glass vessel (fig. 1), 
filled with pure nitrobenzene (C, H; NO,). 
Two electrodes at very close range dip into 
the liquid and a high-frequency voltage is 
applied. This voltage between the elec- 
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trodes produces a rotation of the plane of 
polarization of the polarized light. 

The light from the light source directed 
by an optical system, which is not shown, 
strikes a Nicol prism, which polarizes the 
light beam. It then passes through the 
Kerr cell to a second Nicol rotated through 
90°, which blacks out the light beam. By 
applying an a.c. voltage, the plane of polar- 
ization is rotated and the effect of the sec- 
ond Nicol, depending on the voltage, is 
more of less cancelled. Depending on the 
frequency of the a.c. voltage, a modulated 
light wave is produced. ‘The characteris- 
tics of such a Kerr cell are also shown in 
figure 1. The voltage, ranging to 2,000 
volts, is represented as abscissa and the light 
intensity in scale divisions as ordinate. 

After passing through the second Nicol, 
a modulated wave will! be transmitted over 
the distance to be measured. 

Now, the second question has to be solved 

namely, how to compare the intensities 
of the emitted outgoing and reflected in- 
coming light. As has been stated at the 
beginning, the measurement has to be made 
at the starting point. At the far end, a 
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plane mirror reflects the light beam. The 
incoming light will be transformed in the 
photocell into an electrical current which, 
amplified in the photo-multiplier a million 
times, can be used for the measurement of 
the phase difference. There are different 
methods for determining the phase position 
with an indicating instrument. A_ well 
known solution is shown in figure 2. 

The output voltage of the photomulti- 
plier controls two tubes in parallel which 
are influenced in push-pull by the voltage 
of the Kerr cell. It can easily be shown 
that the galvanometer at phase differences 
of 90° and 270° will indicate zero. To 
eliminate zero errors, one voltage can be re- 
versed by a switch. 


DESIGN OF THE INSTRUMENT 

The intention of the Institute for Applied 
Geodesy in Frankfurt was to design a light- 
weight portable instrument which would 
not require any approximation of the dis- 
tance and which would be so easy to operate 
that it could be used like a theodolite on an 
ordinary tripod. Lengths of 200 up to 
2,000 meters of precise traverse could be 
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Figure |. 
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Modulation of light waves by use of the Nicol prism and Kerr cell. In the graph, U = 


voltage and L = light intensity. 
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Figure 2. 


measured, thus replacing third-order trian- 
gulation. In this way, control points would 
not be located on inaccessible hills but 
rather on highways, waterways, or railroad 
lines—in other words, in places where the 
fixed points are required for later detailed 
surveys. The design of this instrument, 
which in its essential parts has been devel- 
oped by my associate, Mr. Nottarp, is ex- 
plained in detail in the following para- 
graphs. 

Figure 3 shows the path of the rays within 
the instrument. The light produced by a 
light source of high luminosity passes 


Phase-bridge 


Setup for measuring the phase difference between emitted and reflected light. 


through a condenser and a diaphragm, is 
polarized in the first Nicol, and is led into 
the Kerr cell by means of an intermediate 
objective in which the plane of polarization 
is rotated by and in phase with the modu- 
lated radio frequency voltage. By a tele- 
scopic lens system and the mirror at the 
far end of the line, the light is transmitted 
through the full distance, forward and back, 
to the second Nicol and into the photo- 
multiplier. By placing the second Nicol in 
the path of rays at the receiver side, back- 
ground light is largely suppressed, thus mak- 
ing possible measurements in daylight. 
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Ficure 3.—Path of rays in the EDM. 
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Figure 4.—Phase-discriminator arrangement. 


Figure 4 shows the phase discriminator. 
The output current of the photo-multiplier, 
corresponding to the light modulation, is 
fed into one neutral branch of the phase- 
measuring bridge and the comparative 
current of the Kerr cell oscillator into the 
other branch. In this case as well, the 
galvanometer will only indicate zero at a 
definite phase relation of both currents. 

Figure 5 shows different possibilities for 
fixing the bias point on the Kerr cell char- 
acteristics. In the first case, on the left 
side of the diagram, only the linear part of 
the curve is used; modulated high-frequency 
voltage and emitted light pulses are uni- 
form. In the second case (center of the 
diagram) the bias point is at the knee of 
the curve. Only half waves are transmit- 
ted; the modulation depth is doubled com- 
pared to the first case. In the third case 

right side of the diagram) the bias point 
is used at the start of the curve and both 
half waves are transmitted in push-pull, 
the modulation depth having also been 
doubled. This latter method of modulation 
contributes largely to a clear-cut zero tran- 
sit of the phase-indicating galvanometer. 


OPERATION OF THE INSTRUMENT 

Next, the actual measuring of distances 
is explained. 

Figure 6 shows a diagram of sinusoidally 
modulated light corresponding to a modu- 
lating wave length, Ag. The pulses will 
strike the plane mirror (which is not shown) 
in the middle of the row and the mirror will 
reflect the light. These reflected pulses are 
drawn in the same direction as the outgoing 
beam, the upper row thus representing dou- 
ble the distance (2 E). This distance gen- 
erally will not represent a whole multiple 
of the wave length Ag, so that, when deter- 
mining the phase position of the transmitted 
and reflected wave train, a phase difference 
is observed which corresponds to the dis- 
tance R. Now, the wave length , is ex- 
tended somewhat to 45, so that the remain- 
ing distance R disappears and phase coinci- 
dence is attained. This is shown in the 
second row of figure 6 where 


9E=xxk 


Vv 
x being an integer. 
If A is extended further, a phase differ- 
ence will again be present until A becomes 
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Ficure 5.—Different possibilities for fixing the bias point on the Kerr cell characteristics. 
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THE ELECTRONIC DISTANCE METER 


equal to value d,, so that 


2E=(x -1) x ,. 

The range of frequency variation of the 
instrument can be altered still further, ob- 
taining in this manner 

2 E= (x -2)x , 


2 E=(x-—n) x, 


Two equations suffice to eliminate x and 
to determine E. The other equations per- 
mit several additional determinations of F. 

For technical reasons it was considered 
advantageous to specify a required accuracy 
of 1 : 10° at a distance of 2,000 meters not 
only for the modulated Kerr cell oscillator, 
but also by comparison with a quartz stand- 
ard. The frequency of the Kerr cell oscil- 
lator (8.0 to 8.9 megacycles) is determined 
by comparison with the 4th harmonic of 
the measuring oscillator (2.0 to 2.2 mega- 
cycles). This can be done by means of a 
headphone which indicates by a hissing 
sound when the Kerr cell oscillator vibrates 
exactly at the 4th harmonic of the measur- 
ing oscillator. Its frequency is then accu- 
rately determined to +3 x 10°. The meas- 


| \ (X+R 
| Ar | 
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uring oscillator in its turn is standardized in 
the same manner by means of the 40th up 
to 44th harmonics of a built-in tempera- 
ture-compensated quartz oscillator (50 kilo- 
cycles) to within + 1 x 10-’, making possible 
a precise scale calibration at 5 points of the 
scale. The long range constancy of the 
quartz oscillator can again be controlled by 
measuring a calibrated base the distance of 
which is sufficiently well known. 

Figure 7 shows the instrument in its 
rather bulky laboratory construction; the 
lower objective is used for the outgoing 
light beam, the upper one for the incoming 
light beam after it has travelled back and 
forth through the distance E. The black 
knob in the center controls the frequency of 
the Kerr cell oscillator. The galvanometer 
on the right side above permits the observa- 
tion of the phase position. The knob on 
the right side below is used for switching 
the instrument from calibration or measur- 
ing to “off.” The scale of the measuring 
oscillator can be seen on the left side above. 
Both measuring instruments on the left side 
below show the operational status of the 
instrument. In addition, at the left side, 
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Figure 6.—Measurement of distance with the EDM. 
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Figure 7.—Laboratory-constructed model of 


the housing of the light source can be seen. 
The whole instrument can be placed on any 
tripod of standard design. 

Figure 8 shows the plane mirror which 
can be adjusted vertically to the line of 
sight by means of tangent screws. This is 
dene when an assistant observes the light 
source of the instrument with the sighting 
telescope attached to the mirror. The in- 
strument is calibrated immediately before 
and after each distance measurement. The 
two calibrations and the measurements can 
be completed within 7 minutes. 

The routine of the measuring process is 
started by reversing the switch from “off” 
to “calibration.” The scale of the measur- 
ing oscillator is calibrated, taking hardly 
more than 1 minute. Next, the instrument 
is switched to “measuring position” and by 
rotating a condenser knob the phase coinci 
dence, or zero position of the galvanometer, 
is obtained. The corresponding scale divi- 
sion is read. Further rotation of the knob 
brings about another deflection of the gal- 
vanometer, which, however, is reduced to 
zero if, instead of the previous n wave 
length (x+1) or (x—1) complete wave 
trains fill out the measuring distance with- 
out remainder. The procedure can be ex- 
tended in both directions, so that 4 to 5 
independent measurements can be made. 
Thus, 4 to 5 frequencies are obtained or the 
wave lengths pertaining to such frequencies. 
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Two such measurements are 
sufficient for computing the 
distances or for reading them 
from tables. The whole 
measuring process requires 
hardly more than 3 to 5 
minutes. Then the switch is 
reversed to “calibration” and 
the instrument calibrated in 
the same manner as at the 
beginning, taking anothe1 
minute. During this short 
interval generally no change 
occurs in the calibration 
data. If this should be ob- 
served during a longer dura- 
the EDM. tion of the measurements, 

the calibration value can be 
determined by interpolation. It is, however, 
simpler in this case to repeat the measure- 
ment including calibration which, as men- 
tioned above does not require more than 7 
minutes. 


Ficure 8.—Plane mirror with tangent screws 
for adjusting to the line of sight. 
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THE ELECTRONIC DISTANCE METER 


The results of a trial measurement are 
given below: 

Meters 
82.56 
82.64 
82.62 
82.47 
82. 
82.57 
82.55 
82.55 


Mean 82.55 + 0.025 


The wide range of the measurements may 
be accounted for by the primitive optical 
structure of the experimental model. The 
diameter of the conic light beam at the re- 
ceiver was 1.5 meters instead of 8 centi- 
meters. The indication of the zero galvan- 
ometer therefore was only 2 units of the dial 
graduation because of the great loss in light 
intensity. This required a very difficult 
adjustment. 

The results obtained thus far show that 
the experimental stage has essentially been 


concluded. The Askania-Werke, AG., Ber- 
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lin-Friedenau,' have decided to manufac- 
ture the instrument in cooperation with the 
Institute of Applied Geodesy and to adapt 
it to operating conditions in field practice. 
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Electronic Brain Being Tested at Belvoir 


An electronic computer which breezes through 
simultaneous equations and least squares has 
been developed by the Corps of Engineers’ Re- 
search and Development Laboratories, Fort 
Belvoir, Va., and the Monrobot Laboratory of 
Morris Plains, N. J. 

Called “Monrobot V,” it will speed up the 
preparation of military maps by reducing the 
time required for complicated engineering cal- 
culations to a minimum. Tests have proved 
that it makes figuring faster, easier, cheaper, 
and more accurate than ever before. 

The computer resembles a large office desk 
and weighs about 1,500 pounds. Equipped 
with shock absorbers to cushion vibration, it is 
rugged enough to be used in the field. For 
easy loading into a mobile laboratory, it can be 
separated at the middle into two sections. 

Easy maintenance under field conditions is 
facilitated by the use of pluggable units, and a 
low power consumption of about five kilowatts 
makes it ideal for the Army’s portable units. 


The machine is designed to withstand dust 
and extreme changes in temperature and humid- 
ity, and has its own built-in cooling system. 

Simple to operate, it also has a built-in key- 
board which permits the entering of problems 
in their algebraic form. It is equipped with 
punch-tape facilities for automatic operation. 
Results may be printed on a paper tape eight 
inches wide, or punched out in the form of 
perforated tape. Its electronic “gray matter” 
can turn out trigonometric calculations to ten- 
place accuracy. 

Monrobot V will undergo engineering tests 
at Fort Belvoir, where it will compute traverse, 
trig-traverse and three-point problems; make 
triangle, position and azimuth computations; 
convert geographic coordinates to UTM grid 
coordinates; compute spherical excess and trigo- 
nometric elevations; adjust geodetic trilatera- 
tion and handle other related surveying prob- 
lems. 








Air Trails Maps: A Chapter in the Early 
History of Aeronautical Charts 


By HELMUTH BAY 


RAND MCNALLY & COMPANY 


OMMERCIAL AVIATION was born 

on August 12, 1918, when the U.S. 
Post Office Department inaugurated perma- 
nent airmail service between Washington, 
D. C., and New York. An experimental 
period starting May 15th of that year, dur- 
ing which U. S. Army planes and personnel 
did the flying, had demonstrated the prac- 
ticability of such service. On that August 
day, therefore, the Post Office Department 
officially assumed responsibility for flying the 
mail, 

The new Post Office division, comprising 
pilots, ground crews, and other civilian 
employees, was organized by Benjamin B. 
Lipsner, who was appointed first Superin- 
tendent of Airmail by Postmaster General 
Burleson. Planes selected for the operation 
were the Standard JR-1B and the Curtiss 
JN-4H, both powered with 150-horsepower 
engines. The pilots who flew the first com- 
mercial airmail were Max Miller, Edward 
Gardner, Maurice Newton, and Robert 
Shank. 

During the first ten years of commercial 
air transportation there existed virtually no 
maps or charts which might aid the flyer in 
finding his way. So desperate was the need 
that road maps, railroad maps, and political 
maps were used. Such maps were of lim- 
ited utility in the daytime, and for night 
flying they had value only for spotting the 
general location of cities and towns. Maps 
for plotting courses and accurately measur- 
ing routes were nonexistent. However, this 
lack was not too serious as most flyers of the 
period had little knowledge of scientific air- 
navigation techniques. Contact flying was 
the order of the day. 

The problem of flying safely was nonethe- 
less foremost in the minds of both airplane 
manufacturers and pilots. Instruments were 
designed to keep planes on course in cloudy 


or heavy weather. Fool-proof compasses, 
various types of altimeters, and wind-drift 
indicators were developed. Flying became 
more than just chauffeuring a plane and, as 
aerial navigation progressed, more accurate 
maps and charts were required for laying 
out courses and plotting aircraft positions 
while in flight. 

A number of visits and phone calls from 
aviators brought forcefully to Rand McNally 
& Company’s attention the need for good 
flight maps. This pressure led to the publi- 
cation in 1928 of Air Trails Maps, the first 
set of maps covering the entire United 
States, designed specifically for the safe and 
accurate navigation of airplanes. 

Distributing air-navigation maps to flyers 
posed a problem to the manufacturer. With 
the limited demand for such maps it was 
found that few map dealers would agree to 
handle them. To encourage dealers to stock 
the new Air Trails Maps, Rand McNally & 
Company decided to use as a base its Stand- 
ard Indexed Pocket Maps which were 
well-known throughout the country. These 
maps, available for all States, were on vary- 
ing scales, and showed railroads, cities, 
towns, and counties. They were constructed 
on the Lambert projection, which was ideal 
for plotting data and solving navigational 
problems. On this projection a great circle 
course could be shown by a straight line 
drawn between two points. Directions or 
bearings could be easily determined from 
lines of longitude with the aid of a protrac- 
tor. A fairly complete pattern of rivers, 
streams, lakes, and shorelines was included 
on the series, as well as a large number of 
cities and towns. 

The first step in preparing the Air Trails 
Maps was to compile a file of U. S. airports, 
of which there were fifteen to eighteen hun- 
dred in existence at the time, ranging from 
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AIR TRAILS MAPS 


excellent municipal fields to slightly im- 
proved cow pastures. To secure the desired 
data, Rand McNally mailed questionnaires 
to every airport, requesting full information 
as to facilities. Information sought included 
the correct name; distance and direction 
from the nearest city or town; its class, 
whether municipal, private, commercial, 
auxiliary, experimental, or intermediate; al- 
titude and size of the field; whether or not 
it had landing lights; and the name of the 
owner or operator. From the returns a 
directory of airports in each State was 
prepared. 

For practical reasons, the standard State 
map was printed on one side of the Air 
Trails sheet, while the verso carried a map 
overprinted with aeronautical data essential 
for its use as a navigational chart. On the 
latter, red tick marks were printed around 
the entire border at ten-and fifty-mile inter- 
vals as an aid to scaling and interpreting 
distance. Distinctive symbols indicated the 
several types of airport — municipal, re- 
stricted, commercial, and soon. Established 
airways were shown by straight lines, with 
the magnetic course and such aids as bea- 
cons and radio stations properly marked. 
Elevations for selected points were indicated 
by red crosses and figures. Lines of mag- 
netic declination enabled the pilot to correct 
his measured true north bearing to the mag- 
netic bearing. On later editions of the Air 
Trails Maps, aural ranges were added. 

The index booklet, which accompanied 
each map, was enlarged to include the air- 
port directory along with a discussion of 
existing aids to navigation such as beacons, 
radio stations, elevations, airways, and types 
of fields. Also included was an eight-page 
treatise on the “Elements of Practical Air 
Navigation,” probably the first basic com- 
pilation on the subject published in this 
country. Thoburn C. Lyon, who super- 
vised production of the Air Trails Maps, 
compiled the “Elements,” under the direc- 
tion of William E. Johnson, then chief car- 
tographer of Rand McNally. The text, co- 
piously illustrated with line drawings, tables, 
and diagrams, described the instruments 
needed for flying by dead reckoning. They 
were (in addition to the map, of course) a 
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reliable watch, a magnetic compass, a bank 
and turn indicator, an air speed indicator, 
an altimeter, a climb indicator, and a drift 
indicator. There followed a discussion of 
methods and techniques for plotting a course 
on a map and determining its magnetic 
bearing. The flyer was further instructed 
in correcting for wind, computing ground 
speed, and correcting to course in flight, and 
briefed in identifying ground positions. 

Air Trails Maps were eagerly purchased 
by pilots and others interested in flying and 
a number of airlines made them compulsory 
equipment on all their aircraft. The maps 
were available in all parts of the United 
States and the method of using them was 
easily learned with the aid of the legends, 
directories, and navigational discussions. 
The popularity and wide use of Air Trails 
Maps contributed much to drive home the 
fact that there was more to flying than just 
piloting an airplane. 

Keeping the maps current was a costly 
maintenance problem for the publishers. 
New airports were being constructed every- 
where, and existing ones were being en- 
larged or changed. Airways, with beacons 
and other aids, were extended or increased 
in number, and radio and electronic naviga- 
tion aids were perfected and accepted. 
Consequently, when Mr. Lyon returned to 
the U. S. Coast and Geodetic Survey, in the 
early thirties, to assist in planning for and 
setting up specifications for the U. S. Sec- 
tional Aeronautical Charts, Rand McNally 
& Co., relieved of its responsibility, discon- 
tinued the Air Trails series. 

The new official aeronautical charts ini- 
tially included many of the basic features 
of the Air Trails Maps. The Lambert pro- 
jection was retained, after a careful study 
of all projections, as was much of the navi- 
gational symbolism, distance scales, and gen- 
eral nomenclature. The principal differ- 
ence was in the basic map content upon 
which the navigational data was superim- 
posed. In the government series, the entire 
country was shown on a common scale. 
Terrain was depicted in hypsometric tints 
clearly indicating differences in altitude, 
while political: boundaries and other non- 
essential data were omitted. 
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With the urgent need for aeronautical 
charts covering all parts of the world in 
World War II, air services of practically all 
allied nations adopted the standards of the 
Coast and Geodetic Survey Aeronautical 
Charts. However, because of the greater 
speed of new military airplanes, a scale of 
1:1,000,000 was utilized rather than the 


é 


é 
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1:500,000 ratio of the U. S. Sectional 
Charts. Similar specifications were adopted 
after the war by the International Civil 
Aviation Organization, for international aer- 
onautical charts for use by private and com- 
mercial pilots. Today, aeronautical charts 
for nearly all countries of the world are 
available on the 1: 1,000,000 scale. 


é 


Cartography, New Australian Journal, Makes Debut 


HE FIRST ISSUE of a new technical journal 
Cartography, published by the Australian 
Institute of Cartographers, is dated December 
1954. The new journal, to be published semi- 
annually, is divided into three sections: (1) Bul- 
letin, covering news of Institute affairs and of 
cartography in general; (2) Journal, containing 
original papers contributing to the science of 
cartography; and (3) Abstracts, including re- 
views of current cartographic literature. 
The broad interpretation of the word “cartog- 


‘ 


: 


raphy” in Australia is made amply clear on the 
title page of the journal where the United Na- 
tions publication, Modern Cartography—Base 
Maps for Modern Needs is quoted as follows: 

Cartography is considered as the science of 
preparing all types of maps and charts; and in- 
cludes every operation from original surveys to 
final printing of copies. 

The contents of the first issue, especially the 
Abstracts section, bear out this broad definition 
of the field of cartography. 


: 


A University Degree in Surveying—An Australian View 


LTHOUGH members are not unanimous on 
At matter, a consensus of opinion favours 
a university degree course as an introduction 
to the profession. It is unfortunate that through 
lack of students degree courses in surveying 
Prob- 
occurred if the 
courses had not been optional as means of 


have lapsed at some State Universities. 
ably this would not have 
entry, and it appears that once decided upon, 
the degree course should, as soon as possible, 
supplant the pupil system. Some relic of the 
pupil system would remain, of course, in the 
field must be de- 
manded of candidates, but the assumption by 
the Universities of the academic 


compulsory service which 
training at 
present acquired by the loose and haphazard 
methods of article pupilship can only result in 
great benefit to trainees and the profession in 
general. 

At least some of the State Boards are anxious 
to be relieved of the burden of academic ex- 
aminations and there is no doubt that improve- 
ments in general control and closer attention 
to the growing needs of the profession would 
result if the Boards were able to give such mat- 
ters their undivided attention. 

The impact on the profession and on the 
public by the entry of University trained 


graduates would be tremendous and would un- 
doubtedly result in an ultimate improvement 
in conditions and status. The matter of pres- 
tige, as always, would remain an individual 
affair as every man, whatever his training, is 
himself responsible for the degree of prestige 
accorded to him. 

In the introduction of degree courses, it 
should be our concern to ensure that the ad- 
ministration and tuition is held in the most 
capable hands, and as one would not expect, 
say, an orchestral conductor, however gifted he 
might undergraduates on 


physics, one should therefore expect the teach- 


be, to lecture to 
ing of surveying to be under the control of sur- 
veyors. With the complications of law and 
boundary definition, surveying ceases to be the 
precise academic 
many, and the 


subject it is imagined by 
need for experienced and 
mature teaching becomes evident. 

The proposed introduction in New South 
Wales of a degree course at the University of 
Technology is awaited with great interest, and 
if surveying is treated as a profession in its own 
right and not as a somewhat tiresome append- 
age of civil engineering, there can be little 
doubt of its success—Editorial in The Austra- 
lian Surveyor, March 1954. 
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Scribe Coatings Blossom Out 


By KENNETH R. DEARDORF 


CHARTING TECHNIQUES OFFICE, CARTOGRAPHY DIVISION, 
AERONAUTICAL CHART AND INFORMATION CENTER 


HE MAKING of maps and charts 

has, of necessity, been influenced by 
limitations of the offset lithography process 
by which they are printed. Consequently, 
some of the most active avenues of carto- 
graphic reasearch have been directed toward 
simplifying preparation of final copy for 
lithography, or the approaches to it. The 
ultimate goal, perhaps, is to devise a means 
of making printing plates directly from map 
manuscripts or compilations. 

Substitution of negative engraving for 
pen-and-ink drafting constituted a major 
advance. Subsequent improvements in ma- 
terials and methods have pushed ever closer 
to the goal. Evolution in the color of coat- 
ings in which the engraving is performed 
represents one interesting phase of carto- 
graphic research. The traditional black, 
which was both photographically and opti- 
cally opaque, has been replaced by coatings 
tinted in a limited range of colors. Although 
these colors were semitransparent, or trans- 
lucent, light which passed through them was 
limited to wavelengths to which the photo- 
graphic emulsions were not sensitive. Coat- 
ings of different shades and combinations of 
red, yellow, and green have been utilized 
with varying degrees of satisfaction. As the 
sheets served as negatives from which photo- 
graphic copying was to be done (either to 
a film emulsion or directly to the printing 
plate itself), their coatings needed to be 
photographically opaque. Because this lim- 
ited the choice of colors and degree of trans- 
parency, the usefulness of the coatings, from 
the standpoint of ideal engraving conditions, 
was also limited. 


NEEDS OF THE ENGRAVER 
AND THE LITHOGRAPHER 


White or transparent coatings were desir- 
able as engraving and tracing mediums, but 
they could not be used because they trans- 
mitted all light wavelengths. Even the non- 
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actinic colors which could be used were not 
ideal for photographic purposes. With some 
of these, the exposure timing, when making 
copies, is quite critical. Other colors have 
been baneful to the eyes and dispositions of 
those who worked with them. The neces- 
sity of working over a back-lighted surface 
has resulted in a certain amount of incon- 
venience, trouble, and expense with coatings 
of any color. A coating which would be 
ideal for the engraver as well as for the 
lithographer has been the objective of carto- 
graphic reasearchers. 

R. H. Sovar of the Aeronautical Chart 
and Information Center has recently come 
up with an answer to this seemingly incom- 
patible need. His successful method in- 
volves converting coatings which are initially 
ideal for the engraver to a state ideal for 
offset reproduction purposes. This is ac- 
complished by a formula and technique for 
changing the colors of coatings and/or mak- 
ing them opaque while they adhere to the 
plastic sheet. The engraver is thus able to 
work with a coating of any color, or even a 
transparent one. After the sheet leaves the 
engraver it is put through a simple dye proc- 
ess which renders it opaque. It is then suit- 
able for offset plate-making preliminaries, or 
for preparing a printing plate. The new 
formula and technique, which open a wide 
range of possibilities, have been named 
“Convert-a-Cote.” 


INCREASING THE OPACITY 
OF COATINGS 

Coatings of colors in current use are said 
to be photographically opaque. Their opac- 
ity is in some cases merely relative, however, 
and is dependent on critical timing of ex- 
posure when copying. Treating drawings 
engraved on such coatings by the Convert- 
a-Cote process increases their opacity to 
such a degree that exposure time is no longer 
critical, and can be extended for many times 
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the optimum without danger of “burn- 
through.” 

Images imprinted on a white coating as a 
guide to the engraver can be made to stand 
out with maximum clarity by the Convert- 
a-Cote process. Moreover, a white coating 
does not require back-lighting to bring out 
the engraved work. In fact, back-lighting 
is undesirable, as there is little contrast be- 
tween illuminated scribed lines and illumi- 
nated coating. However, if the white sheet 
is placed upon a black background (a piece 
of black paper on an ordinary drafting 
table) the engraved lines stand out in black 
with great contrast and distinctness against 
the otherwise white sheet. After the en- 
graving is completed, the white sheet can 
be dipped in black Convert-a-Cote dye solu- 
tion to produce a negative for photographic 
reproduction. 

Transparent coatings also offer interest- 
ing possibilities. A sheet with a transparent 
coating can be placed directly over source 
material or “pull-ups,” and selected detail 
traced with an engraving tool. The steps of 
compiling and making a final reproduction 
negative are thus combined. After the de- 
sired detail has been “scribe-traced,” the en- 
graved sheet is made opaque by immersion 
in Convert-a-Cote dye solution. 

Great as are the potentialities of Convert- 
a-Cote, there are still complications to be 
ironed out; but Convert-a-Cote obviously 
brings us closer to the goal of making com- 
pilations in the form of color-separation 
drawings. 


CONVERT-A-COTE TECHNIQUE 
The two most significant features of the 
Convert-a-Cote process are (1) its simplic- 
ity and (2) its versatility. The dyeing, as 
has been mentioned, is accomplished by im- 
mersing the coated sheet in a dye solution. 
The formula for black is as follows: 


9.6 grams Calco Methyl Violet Base? 
+.8 grams Calco Bismarck Brown HM! 
1.0 quart denatured ethyl alcohol 


1 Trade name for product of American Cyana- 
mide Co., Calco Chemical Division, Bound Brook, 
N. J. Other dyes having similar characteristics 
should be equally suitable. 
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The solution is poured into a tray large 
enough to contain the sheet to be dyed. 
The sheet is eased into the tray, coating 
upward, until it is completely covered by 
the solution. The time it remains in the 
solution depends on the intensity of colora- 
tion desired. Two to five minutes is the 
average. A longer immersion results in ab- 
sorption of a greater quantity of dye and 
consequently a darker hue to the sheet. The 
original color and thickness of the coating 
must also be considered in determining the 
length of time the sheet is immersed. Upon 
removal from the tray, the sheet is rinsed 
briefly in water and surface moisture is 
wiped off. It is dry and ready for further 
use within a few minutes. 


A thick coating will absorb more dye and 
become more opaque than a thinner one of 
the same original color. With certain very 
pale initial tints, transparent coatings, or 
exceptionally thin coverings, Convert-a-Cote 
may not provide a completely non-critical 
opacity. When photo-copying from such 
dyed engravings, exposure time becomes 
significant, and must be carefully regulated, 
as for some of the coatings in current use. 

The dye, in the formula given above, has 
no effect on Vinylite. Consequently, if the 
coating is on Vinylite sheeting, there is no 
canger of staining the engraved image, 
which remains clean and clear. While it 
has been assumed in this discussion that 
treatment will take place following engrav- 
ing, it should be noted that the dyeing op- 
eration does not appear to affect the en- 
graving qualities of the coating in any way. 
A sheet may, therefore, be dyed either before 
or after it is engraved, whichever suits the 
circumstances, 


The Convert-a-Cote process has not been 
tested on a wide variety of coatings. As it 
was developed for its possibile applicability 
to procedures at the Aeronautical Chart 
and Information Center, experiments were 
naturally slanted toward the coating in use 
there. The adaptability of the process to 
other coatings, or their adaptability to it, 
should be easily determined by users or 
makers of specific coatings. 
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SCRIBE COATINGS BLOSSOM OUT 


By freeing the cartographer from the re- 
quirement of opacity in the engraving coat- 
ings with which he works, the Convert-a- 
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Cote process appears to have considerable 
significance, and to have opened up new 
fields for exploitation. 


Airborne Anomaly Maps 


T HE United States Atomic Energy Commis- 
sion has recently made available its series 
Airborne Anomaly Location Maps to all who 
wish to subscribe. These maps present the re- 
sults of reconnaissance flying of certain areas 
during tests for radioactivity. They delineate 


areas of unusually high radioactive count. 


The maps are available on a subscription 
basis from the Superintendent of Documents, 
Government Printing Office, Washington 25, 
D. C., at $8.00 per year for the entire group of 
maps, regardless of the area flown. 


Each new group will be mailed the 15th day 
of each month and will contain a varying 
number of maps. Subscribers will receive all 
maps, regardless of area. Groups dated Octo- 
ber 15, 1954, or after will be sold separately if 
desired; the prices will vary according to the 
number of maps issued each month. Individual 
maps will not be sold separately. For informa- 
tion regarding maps issued prior to October 
1954, apply to the Atomic Energy Commission, 
Raw Materials Division, Attention: Mr. W. 
Waylett, 1901 Constitution Avenue, N. W., 
Washington 25, D. C. 








For Extreme Accuracy . . . 


EDO SURVEY DEPTH RECORDER 


The Edo Survey Depth Recorder, Model 225, was 
developed at the request of experts in the field of 
hydrographic survey. It is the finest equipment on 
the market for measuring the depth of water for 
survey purposes and for presenting in permanent 
form an accurate and legible record of the water’s 
depth. 

Accurate to within one-half of one per cent, the 
Survey Depth Recorder is designed in all respects 
to satisfy the most stringent requirements of cartog- 
raphers, oceanographers, dredgers and all others 
concerned with the exact depth of the water in chan- 
nels, harbors, inland or coastal waters. 





The equipment is readily installed to operate aboard 
survey vessels of all types . .. traveling at any 
speed up to 15 knots ... in any water depth from 
three feet to 250 fathoms ... whether fresh, brack- 


EDO Model 255 is manually adjustable for 
transducer draft or sound velocity and 
records in eight ranges: 


ish or salt. Its light weight permits permanent or 0 to 70 feet or fathoms 
temporary installation on large or small survey 60 to 130 feet or fathoms 
craft. 120 to 190 feet or fathoms 


180 to 250 feet or fathoms 
Send for Brochure Today 
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Control Surveys as Applied to 
Engineering Projects 
(A Panel Discussion ) 








THE PANEL MEMBERS 


Left to right: Prof. C. A. Egner, R. E. Wagstaff, M. O. Laird, B. E. Beavin, Jr., E. D. Morse, 
and E. C. Houdlette. 


This panel discusion was presented at a ses- 
sion of the Control Surveys Division during the 
Fifteenth Annual Meeting of the American 
Congress on Surveying and Mapping, at Wash- 
ington, D. C., March 11, 1955. Prof. Milton O. 
Schmidt, Division Ctairman, presided over the 
session. The discussion is presented here in 
condensed form, as adapted from the steno- 
typist’s transcript.—Eprror. 


CHAIRMAN SCHMIDT: We have an 
excellent panel which will consider the ap- 
plication of control surveys to a variety of 
engineering projects. 

Many of us who come from different 
parts of the country know that we have 
problems with regard to impressing on 
others the value of using the national net- 
works of horizontal and vertical control. 

We are going to hear from the various 
panelists regarding some of the peculiar 
problems that they have encountered and 
how they have been able to persuade others 
to make greater use of available horizontal 
and vertical control. 

Heading the panel as moderator is Carl 
A. Egner, Professor of Photogrammetry and 
Geodesy at Purdue University. 


PROFESSOR EGNER: Our subject, 


“Control Surveys as Applied to Engineering 
Projects,” is one that is quite close to me 
because of my long service with the U. S. 
Coast and Geodetic Survey. 


I have had 





328 


opportunity to witness an amazing change 
in emphasis and direction in the establish- 
ment of the horizontal control network in 
our country. In the early years it was neces- 
sary to execute many long and extensive 
arcs of triangulation. Today, the primary 
emphasis is on area triangulation which fills 
in the gaps between the major arcs and pro- 
vides stations of maximum usefulness to the 
local surveyor. It has been very gratifying 
private and commercial agencies 
making use of the network of control. Some 
of their methods are conventional; others 
All bear the hallmark 
of quality, attesting to great pride in accom- 
plishment. 


to see 


are quite ingenious. 


We have on our panel several able prac- 
titioners of the surveying art, each practicing 
in a distinct field. In this group we have a 
State surveying administrator, a consulting 
engineer, a representative in the field of in- 
ternational telephonic communication, an 
engineer employee of a large public utility 
firm, and one greatly experienced in down- 
to-earth surveying as practiced in a nearby 
community. 

E. C. Houdlette, our first speaker, is 
Director of Surveys, Massachusetts Depart- 
ment of Public Works, Boston, Mass. 

Mr. Houdlette, What did you accomplish 
under the WPA in the establishment of 
geodetic control in Massachusetts? 
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MR. HOUDLETTE: Under WPA, with 
the wonderful cooperation of the U. S. 
Coast and Geodetic Survey, we were able 
to complete the first- and second-order arcs 
of triangulation in Massachusetts and also 
execute approximately 5,000 
second-order traverse. 

PROFESSOR EGNER: What have you 
been doing since then to extend this control? 

MR. HOUDLETTE: Since then we 
have, in the State Highway Department, 
two regular geodetic survey parties that do 
nothing but extend this control, and we have 
four computers in the main office. All field 
parties and our regular survey workers are 
instructed to use the control which the geo- 
detic parties provide. 

In the construction of our expressways we 


miles of 


stipulate that the contractor is to put monu- 
ments in the center strip at the point of 
curvature and the point of tangency of each 
curve and also at maximum intervals of 
1,000 feet along tangents. After the job is 
completed and has been accepted, our geo- 
detic-control party runs a traverse through 
all of these monuments. That traverse is 
then adjusted so that we obtain the “X” and 
“Y” coordinates of stations no more than 
1,000 feet apart along the entire length of 
the expressways. 

PROFESSOR EGNER: I would like to 
have you tell us what difficulties you had in 
getting the State coordinate system adopted 
in Massachusetts. 

MR. HOUDLETTE: In Massachusetts, 
we formed a committee consisting of engi- 
neers and a member of the Bar Association. 
We studied the model bill which was fur- 
nished by the Coast and Geodetic Survey 
and prepared legislation which fitted the 
State of Massachusetts. I introduced the 
bill in 1941 to the Legislature. At the time 
of the hearing we had present representa- 
tives of the Northern Association of the 
American Society of Civil Engineers, the 
Boston Society of Civil Engineers, and the 
Massachusetts Land Court. All of them 
favored the bill. We didn’t have trouble 
passing the bill. I think, when the bill was 
read in the House, there were not more than 
half of the legislators present and they 
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weren’t paying much attention to it. After 
the bill passed—it went right through—I 
did get an interesting letter, and I want to 
read it because it was most unusual. 

It is dated March 5, 1941, and reads: 

“On February 28th I signed a bill de- 
fining and authorizing the use of a system 
of applying coordinates and designating 
station positions on the surface of the earth. 

“When the bill was submitted the techni- 
cal phraseology therein contained excited 
my interest, for I never recalled having a bill 
presented to me which contained, to a lay- 
man, such mystifying phraseology. 

“When its general purpose was ascer- 
tained, I was glad to sign it. 

“IT discovered that you have taken a 
prominent part for a number of years in 
this activity in this State. 

“I thought you would like the pen with 
which I signed the bill, and I am enclosing 
it herewith.” 

And it “Very truly yours, 
Leverett C. Saltonstall, Governor of Mas- 
sachusetts.” 

PROFESSOR EGNER: Thank you, Mr. 
Houdlette. We will now hear from E. D. 
Morse of the Houston Lighting and Power 
Company, Houston, Texas. 

Mr. Morse, what engineering use does 


is signed, 


your company make of control surveys? 
MR. MORSE: It has been our practice 
for a good many years to integrate surveys 
for cross-country transmission lines with the 
national control network. If at all possible, 
we tie each such project to the Coast and 
Geodetic Survey first-order triangulation 
network. It has been our experience that on 
the whole this has been very beneficial to us, 
and in most cases more economical than 
Before the use of State 
coordinate control in our system, which 
comprises some 5,000 square miles, a great 


former practices. 


deal of time and money was expended in 
route studies. We had to resort to such pro- 
cedures as the use of rockets in getting good 
lines in timbered areas. 


Through the use of 
State plane coordinates and available air 
photography, it was possible to obtain the 
shortest and most economical route. 
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PROFESSOR EGNER: Did you meet 
with any legal problems in the use of State 
plane coordinates? 

MR. MORSE: Not very many. Some ten 
years ago I initiated the program of using 
State plane coordinates in all our legal 
documents pertaining to the purchase of 
fee lands and rights-of-way. We purchase 
as many as a thousand parcels of land each 
year. In a very small percentage of these 
cases, the attorney for the seller objects to 
the use of State coordinates. Since the time 
I initiated the program, I have had our 
right-of-way engineer and our various right- 
of-way agents refer the attorney to me. I 
keep a copy of the bill in my desk, with 
some certain portions underlined, and I 
read it to the complaining attorney. In most 
cases the attorney finally concedes that the 
State coordinate land description has merit. 

Some objections that we get are perhaps 
well founded. One of these is that the dis- 
tance from the nearest Coast and Geodetic 
Survey station is excessive and our surveyor 
had to run too many miles of traverse in 
order to obtain a good tie. I usually try to 
find out who the objecting engineer or sur- 
veyor is and sometimes I am able to con- 
vince him of the quality of our work and 
he will accept it. By and large, we don’t 
attempt to force these legal descriptions on 
anyone who complains. 

PROFESSOR EGNER: What order of 
accuracy do you obtain in making these con- 
nections, and do you find that a high order 
of accuracy is wise not only from a cost 
standpoint but in other ways also? 

MR. MORSE: Well, we are rather for- 
tunate in our particular area in that we 
have relatively flat terrain to traverse. By 
the use of a few precautions, we normally 
obtain position checks between first-order 
Coast and Geodetic Survey triangulation 
stations of 1 part in 10,000. If the terrain 
poses something of a problem, we are satis- 
fied with less than that. However, we never 
accept less than 1 part in 5,000. 

PROFESSOR EGNER: What cost does 
this involve? 

MR. MORSE: Do you mean the ad- 
ditional cost over that of ordinary methods? 
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PROFESSOR EGNER: Yes. 

MR. MORSE: I was asked the same 
question a few years ago by a member of our 
management department and I made a 
rather careful study of costs. As nearly as I 
can determine, the additional cost was some- 
thing less than ten percent. I made that 
analysis about ten years ago. I was gratified 
two or three years ago to see a much more 
extensive analysis by Sol Bauer, of Cleve- 
land, who arrived at substantially the same 
conclusion for his particular surveying work. 

PROFESSOR EGNER: Thank you, Mr. 
Morse. 

We will now hear from Max O. Laird, 
who is Overseas Equipment Engineer for 
the American Telephone and Telegraph 
Company and has had some very interesting 
experiences in establishing locations and in 
the orientation of many of the large towers 
used for transatlantic telephonic communi- 
cation. 

Mr. Laird, what systems of horizontal 
control did you use in your initial locations 
for these tall towers along the Atlantic sea- 
board? 

MR. LAIRD: Initially we started out 
with very little control. We do require ap- 
proximate position and we had fairly good 
azimuths for the orientation of the antennas 
which we aimed at overseas points. 

Originally we obtained positions by 
scaling from maps and made observations 
for azimuths. However, the extent of these 
installations was not fully realized at the 
start. We usually started out with a new 
star observation for each antenna, but it soon 
proved to be more efficient to establish local 
control nets. In the last ten to fifteen years 
these have been extended from the Coast 
and Geodetic Survey system and by third- 
order methods. We now follow the practice 
entirely and use the State plane coordinate 
systems. 

PROFESSOR EGNER: What order of 
accuracy do you consider necessary in the 
location and orientation of these radio 
towers? 

MR. LAIRD: Many of the items in the 
project plan can tolerate substantial errors 
and still be satisfactory. Radio signals 
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do not follow the great circle pattern at all 
times so that it is necessary to have some 
beam width in these antennas. The amount 
of error that would be restrictive in ordinary 
surveying would not be an important factor 
in the location and orientation of these 
antennas. 

However, at the radio stations there are a 
great number of antennas, transmission 
lines, and underground utilities which fre- 
quently are very close together. Hence, you 
need to know the relative positions of the 
services already in place with respect to the 
new staking, and that requires good hori- 
zontal control because these stations usually 
cover from 250 to 1,000 acres. A few ex- 
tend over 3,000 acres. Generally, third- 
order accuracy is sufficient for our work, 
and that is what we attempt to obtain. 

PROFESSOR EGNER: Thank you very 
much, Mr. Laird. 

Now I wish to introduce B. E. Beavin, a 
consulting engineer and surveyor from 
Baltimore, who has had exceptional experi- 
ence in horizontal control surveys. 

Mr. Beavin, in your private practice and 
consultation work, what use do you make 
of established control and what accuracy do 
you find expedient to use in extending that 
control throughout your own projects? 

MR. BEAVIN: We use control surveys 
as the backbone of practically every survey 
we make. The only exceptions are the small 
ones and those which are so far removed 
from any available control that the cost of 
tying them in would be absolutely pro- 
hibitive. 

As to accuracy, we have some very brief 
specifications for four classes of traverse, viz., 
A,B, C, and D. The closures for these are 
as follows: A, 1 in 25,000; B, 1 in 10,000; 
C, 1 in 5,000; and D, 1 in 2,000. 

Also, we have two general types of sur- 
veys. One type is used to cover a large area 
with a high density of stations scattered 
throughout the area. In this case the 
traverses and triangulation around the peri- 
meter of the area are Class A; between 
them are Class B traverses; and finally Class 
C work. If the work is consistent, even the 
Class C traverse stations retain a very high 
order of dependability. 
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In the case of route surveys, we frequently 
start at one station and run for several miles 
before we are able to tie to another one. We 
find it advisable to keep the work of high 
quality and usually use the Class B traverse. 

PROFESSOR EGNER: Now, here’s a 
question that I think is very important. In 
view of the purposes and the ideas behind 
the program of all the large Federal sur- 
veying organizations in establishing control 
over the country, it is obvious that they are 
very much interested in making that control 
most useful to all private engineers. 

Do you have any recommendations as to 
anything that could be done by these Fed- 
eral organizations to make their network of 
control more useful to the local surveyor? 

MR. BEAVIN: Of course, there is one 
very basic one, and that is that we need con- 
trol stations more frequently than we ever 
had before. We have “missed the ball” 
through the years by making a lot of public 
surveys and neglecting to perpetuate them 
or make them with proper regard to ac- 
curacy. The longer we put off making up 
our minds that we are going to make every 
survey count for greater density of control, 
the longer this economic waste persists. 

I think that—starting from the top and 
working down, so to speak—the Federal 
government should encourage, by every 
means possible, the State boards and bu- 
reaus that have to do with control surveys, 
and also extend that encouragement to the 
local groups that are doing control surveys. 

I believe that if we are going to have the 
control filled in between the present rather 
sparse control, it will have to be done by 
other than the survey parties that are on the 
payroll in Federal and State activities. We 
have been hoping for many years that those 
activities would receive adequate appropria- 
tions. They have not received them. So I 
have recently been thinking that, if careful 
specification requirements for both hori- 
zontal and vertical control were outlined 
and a program of having some of that work 
done by contract by qualified engineers and 
surveyors were outlined, a greatly needed 
forward step. would be taken. 

I will reiterate another belief; that every 
new survey of any extent made by a public 
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body should add to the total fund of control 
data available for everyone’s use. Such data 
should be filed by some central State agency 
and perhaps processed there as to its re- 
liability. The results of the more important 
surveys should be given to the Coast and 
Geodetic Survey for incorporation in their 
publications. 

PROFESSOR EGNER: Thank you, Mr. 
Beavin. 

The next speaker on the panel, R. E. 
Wagstaff, from nearby Virginia, has had in 
recent years a most interesting case of 
boundary relocation. He holds the position 
of County Commissioner in Virginia and 
was the Coast and Geodetic Survey’s pri- 
mary contact in running a survey along the 
Fairfax-Loudoun County boundary line. 

This survey presented a few unusual 
problems in boundary relocation, and re- 
sulted in the shifting of a number of homes, 
schools, shops, etc., from one county to the 
other. 

Mr. Wagstaff described this survey in 2 
paper which he gave at the Herndon (Vir- 
ginia) Lions Club meeting not long ago. 
Rather than ask him specific questions on 
this subject, I am going to ask him to re- 
peat, in part at least, the address that he 
gave before the Lions Club. 

MR. WAGSTAFF: A history of the line 
between Fairfax and Loudoun Counties 
might go back to 1648 when all the land be- 
tween the Rappahannock and Potomac 
Rivers was set up in one county, North- 
umberland County. One ambitious chap 
even took up a piece of land fronting a 
short distance on the Potomac River and 
extending westward to the Sea of California. 
When Fairfax was cut off from Prince 
William in 1742, it extended westward to 
the headsprings of the Potomac. Likewise, 
in 1757, when Loudoun was cut off from 
Fairfax, it extended to the headsprings of 
the Potomac. Loudoun was not cut off 
from Fairfax at the present line, but at Dif- 
ficult Run. Thus, Fairfax was much smaller 
than it is now. 

Fairfax County and the part of Loudoun 
County below Goose Creek was settled by 
the “Twelve Families of Virginia,” the 
upper crust, or “The 400.” They were 
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Church of England men, accustomed to 
rule any society in which they lived. In 
Loudoun County they found themselves in 
contact with the Quakers who had come 
down across Maryland from Pennsylvania 
and settled in upper Loudoun. 

The Quakers outnumbered them and 
had a totally different outlook on every- 
thing. Being unable to control the Quakers, 
the Church of England people, after the 
Revolution, petitioned the Legislature for 
many years to create a new county out of 
lower Loudoun, upper Fairfax, and a part 
of Prince William, to be called Cameron, 
after the Episcopal parish of Cameron. 

Failing in the effort to have the county 
of Cameron created, they petitioned to have 
the lower part of Loudoun—where there 
were but a few Quakers—cut off and re- 
joined to Fairfax. 

This was done in 1798, and the survey of 
the present Fairfax-Loudoun line was com- 
pleted in April of that year, thus adding to 
the confusion. 

A plat of this survey is still on record at 
Fairfax. The line runs from the mouth of 
Sugarland Run to Carter’s Mill on Bull 
Run. Since the beginning point of this sur- 
vey is an unmarked natural rock on the 
river and the ending point is a blazed oak 
on the bank of Bull Run, it isn’t likely that 
any intermediate marks were set. 

Our next information on the county line 
is contained in two entries in a Fairfax 
Court Order Book dated 1877. The hand- 
writing is well nigh illegible. These two en- 
tries show that three men from each county 
were appointed, and a survey, or at least 
some part of a survey, was made; that 
majority and minority reports of the Com- 
mission were filed. Neither the majority nor 
the minority report is recorded and there 
is no inkling of what either contained. 

But apparently the survey was completed. 
The man who did this surveying was an all- 
round character. He was a merchant, post- 
master, undertaker, and surveyor. He set 


his mark stones apparently as he went along. 
When he was about half-way through the 
survey, according to present-day figures, 
there was about 800 feet left over to fall in 
Apparently the survey 


Loudoun County. 
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stopped there. However, it was not ac- 
cepted by the Court, which was necessary 
before a survey line could become a county 
boundary. 

Since neither Court approved the survey, 
no one seems to have paid any attention to 
it. The town of Herndon was created two 
years after the survey of 1877 and the 
town limits extend to the county line, but 
they do not go to the survey line of 1877. 
They stop at the old county line surveyed 
in 1798. 
county line, checks very closely with the 
town limits and with the 1954 survey. 

While the 1877 Commission set stone 
markers, they apparently neglected every 
other phase of the survey. 

In 1911 and 1912 the Geological Survey 
resurveyed this area. This is the first time 
the 1877 survey was shown on any map 
38 years after the survey. In thus moving 
the county boundary, the Geological Survey 
did not move the town limits of Herndon, 
although they are one and the same by 
statute. The town limits of Herndon re- 
mained at the old 1798 survey line. 

Since 1915 the confusion over the county 
line has mounted by leaps and bounds. 
After months of study the 1954 Commission, 
on the advice of two courts, threw the 1877 
survey out completely as of no value o1 


The railway survey, showing the 


a@e 


standing in court and complied with the 
letter of the law in setting up the line. 

The U. S. Coast and Geodetic Survey was 
called upon to triangulate this area. It 
started in Maryland, went across the two 
counties, into the adjoining counties, tri- 
angulated more than 100 square miles, and 
gave us some 45 coordinate points, 8 of 
which were directly on the county line. 
Since the time the Coast and Geodetic Sur- 
vey defined the line, additional points along 
the boundary have been set from these eight 
points by private surveyors. 

Fairfax County has platted the line on 
photos and maps and released 4.5 square 
miles, nearly 3,000 acres, of land to Lou- 
One 
pieces of property were thus transferred, 


doun County. hundred forty-seven 
wholly or in part, along with a good 5 miles 
of roads, to Loudoun County. The Commis- 
sion had hoped that someone would institute 
a suit to test the boundary. Two men con- 
sulted lawyers, the lawyers consulted sur- 
veyors, and they both decided it wasn’t 
worth while. The area is developing rapidly 
now, and further triangulation will be 
needed We feel the triangulation 
work performed by the Coast and Geodetic 


there. 


Survey will be of great service to the sur- 
veyors there. 


ac 


New Optical-Reading Clinometer and Pointing Compass 


WO NEW INSTRUMENTS for preliminary 
_. reconnaissance surveys, topography, or 
claim location, are being produced by Suunto 
Oy, a Finnish precision-instrument manufactur- 
ing company. 
incorporates three graduated scales: degrees (or 
grads), percent, and a non-optical scale for 
close quarters. Readings can be made directly 
to 1 degree or 1 percent and accurately esti- 
mated to 10 minutes or 1/5 of 1 percent. 


The optical-reading clinometer 


The pointing compass or pocket transit has 


2 scales. The optical scale is calibrated in de- 
or grads) and can be estmated to 10 
minutes of arc. Both instruments are pocket- 
size, of light-weight metal, and designed for 
easy reading and use with one hand. The work- 
ing parts are centered on self-lubricating sapphire 


grees 


bearings. Object sightirg and scale reading are 
simultaneous. 
Detailed information concerning these in- 


struments can be obtained from the Imperial 
Trading Co., 1116 North Western Ave., Los 
Angeles 29, Calif. 








Establishing a Line by the 
Double-Line Method 


By CURTIS M. BROWN 


DANIELS, BROWN & HALL, SAN DIEGO, CALIF. 


HE PROBLEM of establishing a true 

line in hilly country, where points are 
not intervisible and the distance is not 
needed, is simplified by using what I call 
“the double-line method.” In figure 1, line 
I and line 2 are run simultaneously as ran- 
dom lines from corner A. The direction of 
line 7 is run as nearly as possible in the 
direction desired; this is usually accom- 
plished by using a compass or by guessing. 
Line 2 is run so as to diverge from line / 
and attain about one hundred feet spread 
at corner B. First, the transit is set up at 
corner A and points 3 and 4 are set. The 
transitman moves up to point 3, sights back 
on A, plunges over and sets point 5. Next 
he moves over to point 4, sights on A, 
plunges over and sets point 6. After mov- 
ing up to point 5, he sights on point 3 and 
sets point 7; likewise, he moves over to 
point 6 and sets point 8. Points 7 and 8 
must be adjusted so that they form a 
straight line with point B. The angle A8B 
(any angle is satisfactory) and the distances 
X and Y are measured. Going back to 
point 4, point 3 is adjusted on line 2 o 
that line 4-3 is parallel to line 8-7-B. 





After measuring the distance K, point 9, 
a point on the true line, is set by the follow- 
ing proportion: 


J =KY/X. 


The double-line method is exceedingly 
handy to use in establishing the center of a 
section where all other quarter corners are 
known. Two sets of double lines are run, 
one set north and south and the other east 
and west. The center is then set by inter- 
section. Since normally only one quarter 
is surveyed for a client, the extra work in- 
volved in measuring the whole section is 
avoided. 

The usefulness of the double-line method 
is also illustrated in figure 2, where the dis- 
tance covered in one day was about 7 miles. 
Two random flags (designated as 10 and 
11) were set on the peak shown. Lines / 
and 2 were established by setting up on a 
hill behind corner C and setting points £ 
and F by wiggling in between corner C and 
the two flags on the peak. Next, by setting 


Ficure 1. 
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up on the peak at points 10 and /1/, points 
12 and 13 were set by plunging over. After 
measuring distances X and Y, point 14 on 
the true line was set by the above proportion. 
Returning to points E and F, the true line 


L\ nNe— 


gat = 


> 


at G was established by wiggling in between 
corner C and point /4 on the true line. 
Since the distance was great and the terrain 
rough with numerous trees and obstructions, 
we estimated a savings of five field days. 
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ACSM “Gets Around” 


President Higbee represented ACSM at the 
VI General Assembly of the Pan American 
Institute of Geography and History and the VII 
Pan American Consultation on Cartography, 
held jointly from July 25 to August 6, 1955, in 
Mexico City. 

The attendance of our President at these 
meetings was the result of a formal invitation 
from the Secretary General of the Pan Ameri- 
can Institute of Geography and History. 


At the Commonwealth Survey Officers Con- 


ference, held at the Department of Geography, 
Cambridge University, Cambridge, England, 
August 15-24, 1955, ACSM was represented by 
Col. Gerald Fitzgerald, Chief Topographic 
Engineer, U. S. Geological Survey, and Past 
President of ACSM. 

In a letter to Brigadier Martin Hotine, Chair- 
man of the Conference, Secretary Dix trans- 
mitted, on behalf of the officers and members 
of ACSM, our best wishes for a successful meet- 
ing and, at the same time, officially designated 
Colonel Fitzgerald as ACSM’s representative 
at the Conference. 








Use of the Subtense Bar 


By H. P. 


TANNER 


WILD HEERBRUGG INSTRUMENTS INC. 


Eprror’s Nore:—This paper is based on the 


poraneous remarks. The equipment illustrated 
demonstrated its use as he spoke.) 


HE WILD subtense bar is an acces- 

sory which has been used quite ex- 
tensively, particularly by Federal agencies, 
for optical distance measurement. _Inter- 
est in this method has been growing in the 
past few years. 

Essentially, the method is to measure the 
horizontal angle subtended by a bar of 
known length at an unknown distance away. 
This distance is then determined from a 
previously compiled table, either in feet o1 
meters as desired. 


OBSERVATIONAL PROCEDURE 

In demonstrating the use of the equip- 
ment, I am going to ask you to imagine that 
we are on a traverse course. This is our in- 
strument station; we have set up the theo- 
dolite over the initial traverse point; the 
instrument which is mostly used for this 
purpose is the Wild T-2 Universal Theo- 
dolite, reading directly to one second. (See 
figure 1.) The rodman has set up the sub- 
tense bar (fig. 2) over the first point in the 
direction to be traversed. As you noticed 
when it was set up, the bar folds in half for 
transporting. Each of the metal tubes com- 
posing the bar encloses an invar wire having 
one end fixed directly to the hinge-abut- 
ment. At the other end, the tension of the 
invar wires is governed by springs connected 


Presented at the Fifteenth Annual Meeting, 
American Congress on Surveying and Mapping, 
Washington, D. C., March 9-11, 1955. 

See also “Trig-Traverse,” by Joseph G. Kelley, 
SURVEYING AND Mappinec, July-September 1950; 
“Map Control by Photo-trig and Subtense Bar,” 
by Emmett J. Coon, Surveyinc AND MappPIne, 
January—March 1952; and “The Use of the Sub- 
tense Bar,” by Michael V. Smirnoff, M.S., C.E., 
SURVEYING AND Mappinc, October-December 
1952. 


stenotypist’s transcript of Mr. Tanner’s extem- 
was set up in the meeting room and Mr. Tanner 


to the metal tubes. The sighting targets, 
protected from damage by strong casings, 
are affixed to the invar wires. The distance 
between the targets is exactly 2 meters. 
Any expansion or contraction of the metal 
tube will not affect this distance since the 
invar wire to which the sighting targets are 
fastened has a very low coefficient of ex- 
pansion. Also, damage to the outer metal 
tubes will not change the 2-meter distance 





Figure 1.—Wild T-2 Universal Theodolite 
reading directly to 1 second, used for subtense- 
bar measurements. 
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USE OF THE SUBTENSE BAR 


between the targets since the invar wire 
hangs free in the interior of the tube. 

The subtense bar is leveled with three 
footscrews, using a circular level. The rod- 
man then rotates the bar so that it is ex- 
actly perpendicular to the line of sight of 
the theodolite. To effect this, the bar is 
equipped in its center with a sighting tele- 
scope mounted on a hinge and at right 
angles to the bar, which is pointed at the 
telescope objective of the theodolite. Since 
the subtense bar is frequently used at night, 
it is internally wired for electrical illumin- 
ation. When the battery box is used, a cir- 
cular window in each of the sighting tar- 
gets lights up. 

After setting up the theodolite and sub- 
tense bar, the angle subtended by the sight- 
ing targets at the ends of the bar is read by 
means of the theodolite. The accuracy ob- 
tained depends on the quality and condition 
of observations, and the error is propor- 
tional to the square of the distance meas- 


ured. 
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ACCURACY OF THE METHOD 

To obtain some comparative data, a test 
was made last fall before the Northern 
Virginia Association of Land Surveyors. 
Several distances were measured on a very 
accurately taped course and I would like to 
give the results of that test. 

The first distance measured with the sub- 
tense bar was approximately 480 feet and 
the accuracy obtained in relation to the 
taped length was 1 in 8,600. This result 
was obtained under very favorable observa- 
tion conditions by first pointing the theodo- 
lite at the left-hand target of the bar and 
measuring the angle to the right-hand tar- 
get. The instrument was then reversed and 
pointed at the right-hand target and the 
angle to the left-hand target was read. In 
each observation the mean between the two 
angles obtained was taken; in each measure- 
ment the angles were within two-tenths of a 
second of each other, which explains the 
good results obtained. 

Following the first measurement, the next 











Figure 2.—Wild Invar Subtense Bar equipped with battery box for night illumination of targets. 
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distance of 316 feet was obtained with an 
accuracy of 1 in 13,000. Another distance 
of approximately 350 feet was determined 
with an accuracy of 1 in 11,000. The same 
procedure was followed throughout. 

The accuracy can be increased by read- 
ing several sets of angles. The question of 
economy in relation to the accuracy re- 
quired dictates how many sets of angles 
are taken. One of the main advantages of 
the subtense-bar method is that distance 
measurement is possible over rough terrain 
which might be impossible or impractical 
to tape. The subtense-bar method requires 
only a clear line of sight since it is neces- 
sary to see the bar within a path of 2 
meters. It can be used to bridge gulleys, 
sight across rivers, and measure very steep 
or otherwise inaccessible slopes. 

The second very important consideration 
in evaluating this method is the fact that 
the direct horizontal distance is always ob- 
tained with a subtense bar. The horizontal 
angle, which is measured between the two 
sighting marks on the bar, remains constant 
regardless of whether the bar is above or be- 
low the theodolite. (See figure 3.) There- 
fore, there is no need to apply a slope cor- 
rection. 

The third point I would like to mention 
pertains to the wide range of the method. 
In the distance table furnished with the 
subtense bar, the cosine of one-half the sub- 
tended angle is computed and distances in 
feet or meters are read directly. This table, 
therefore, serves as a very useful key in 
organizing a survey and determining the 
length of the sights, depending on the de- 
sired accuracy. 

As you have noticed, the center part of 
the subtense bar is provided with a sighting 
point intended primarily to be used for 
trigonometric leveling. After the horizon- 
tal-angle measurement between the outside 
sighting targets is made, a vertical-angle 
reading on the center point of the bar can 
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Ficure 3.—Geometry involved in subtense-bar 
measurements. 


O = theodolite 
b=subtense bar 
Z = point determined 
Z! = horizontal projection 
of point determined 
OL and OR=lines of sight 
OL’ and OR! = horizontal 
projections of lines 
of sight 
E= measured angle 
d=horizontal distance 


be taken. From this vertical-angle meas- 
urement, elevations can be computed in the 
office if a bench mark reference is available. 

Users of the subtense-bar method have 
pointed out that fewer personal errors are 
encountered than in taping practice. The 
equipment will yield exacting results under 
good observation conditions and the per- 
sonal errors in operating it may be assumed 
to be smaller than those which may occur 
in taping. Of course, the subtense-bar 
method is not a cure-all. It is essentially 
made for measurements with third-order 
accuracy. Most users have, in fact, ascer- 
tained that an accuracy of 1 in 5,000 can be 
obtained over sights of approximately 500 
feet under good observation conditions. In 
night work this can be extended. The 
Corps of Engineers obtained 1 in 5,000 ac- 
curacy over about 600 feet in night obser- 
vations. 


Discussion 


LORING H. JACOBS (Massachusetts): Mr. 
Tanner, would it be possible to increase the 
length of the bar to 10 feet on either side of the 


center? Would it be practical and would it add 
to the accuracy? 


MR. TANNER: It most certainly would, 
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USE OF THE SUBTENSE BAR 


but, unfortunately, at this point there is no com- 
mercial bar available that is longer than 2 me- 
ters, but some firms have made their own sub- 
tense bars. One firm manufactured a bar 30 
feet in length, and in Texas bars even longer 
have been used. 

MEMBER: How many readings do you use 
to obtain 1 in 13,000 accuracy? 

MR. TANNER: That would depend on the 
distance. From results based on tests with very 
accurately taped distances, you can obtain 1 in 
13,000 over a single sight of 300 feet, and the 
test I spoke about which was held in northern 
Virginia did obtain this accuracy with just two 
sets of angles measured. 

MR. PRYOR: You gave results on the read- 
ings for specific lengths as 480 feet and 316 feet 
and 350 feet. That to me is only part of the 
answer that we need. What are the results of 
your tests when you have actually run a closure 
on traverse which, of course, would take into ac- 
count the bearings as well as the individual dis- 
tances, and how rapidly and accurately can a 
traverse be run of, say, a length of 1 mile, and 
then 10 miles, and so on? Have you any re- 
sults on such tests? 

MR. TANNER: No, I have no factual data 
on such a test having been made. Several 
studies are being conducted at universities to 
determine the time a comparable distance meas- 
urement with a subtense bar would take as 
against precise taping, but so far these studies 
have not been completed. 

MR. EWALD (Massachusetts): A_ recent 
issue of the journal had an article on the tele- 
meter used in conjunction with the subtense 
bar. They had run closures and I wondered 
what the difference was in using the telemeter 
and using the equipment you have described 

MR. TANNER: The telemeter is a distance- 
measuring device based on the glass-wedge prin- 
ciple, and it utilizes a set of horizontal-distance 
rods. It is not an angle-measurement device. 
A different optical principle is used, and that 
method is more applicable for topographic work 
over short distances. The maximum distance 
you can sight with telemeter devices is 120 
meters. 

MR. WATTLES: (California): There has 
been some use of the subtense bar in California, 
and we find the conditions about as follows: 
In congested areas the use of the subtense bar 
for measuring the normal distance of 300 or 400 





1See “A Study of the Use of the Wild Tele- 
meter DM 1 for a Closed Traverse,” by Robert 
D. Turpin, Surveyinc AnD Mappinc, October 
December 1954. 
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feet is a little bit ineffective. Everybody wants 
to crowd around and see what it looks like and 
you also have traffic and other things. In the 
suburbs, and in areas that are open, it is reason- 
ably satisfactory. You get results with the ac- 
curacies that have been stated. It so happens 
that, in congested and urban areas particularly, 
we are required to produce an accuracy of bet- 
ter than | in 10,000 consistently by reason of the 
property-survey conditions and the land markers 
and subdivision requirements. So the use of the 
subtense bar under such circumstances is hardly 
satisfactory. We do find that, in longer-range 
distances up to 1,000 or 1,500 feet, and even as 
high as 3,000 feet over rugged terrain particu- 
larly, it is very very helpful as against taping, 
especially if the ground is covered with brush 
and trees. It is essentially satisfactory in estab- 
lishing ground-control points for photogram- 
metric purposes because the scale at which the 
pictures are taken and the reductions for photo- 
graphic purposes, and so on, allow a limit of 
down to | in 2 or 3 thousand in certain cases. 
It is very rapid for that reason. We haven't 
made precise tests, but we have made enough 
tests to show that substituting the subtense bar 
for stadia, or even for rough triangulation where 
sometimes the establishment of the base line is 
a little difficult, we can use the subtense bar to 
advantage. 

MR. HOKE (Baltimore): We have found 
the equipment most useful in a recent job where 
there were about 8 or 9 bridges to be replaced. 
There were streams and valleys and railroad 
tracks and we had to get accurate centerlines 
transmitted to the bottom of the stream under 
the bridge. That was our solution and it worked 
out very beautifully. 

MR. BALDWIN (Malverne, Long Island) : 
Mr. Tanner, would you explain about the ex- 
pansion and contraction? 

MR. TANNER: Inside this metal tube we 
have an invar wire which is carefully adjusted 
and holds the sighting target in place. In other 
words, the targets are merely suspended on 
springs connected to the ends of the metal 
mounts, but they are really interconnected by 
this wire of invar so that any expansion or con- 
traction in the metal tube will not affect the 2- 
meter distance at which the two targets are 
placed. 

MR. HANNA (California): I operate in a 
rural area and I have been very interested in 
this thing. I have never used it, but I am wait- 
ing for an instrument that will span the gullies 
in my county, some of those that are 1,500 feet 
deep and three-quarters of a mile across. 
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MR. TANNER: Maybe one of those Texas 
bars would help. 

MR. BERRY: I got a little worried about 
the accuracy that could be obtained. Never 
mind trying one. That isn’t the way we do it. 
We sit down with papers. So we sat up all 
night with the calculus, and finally came up 
with a rather interesting relationship. On a 
single distance now, not a full length of a tra- 
verse, the accuracy of the distance derived is 
directly proportional to the error with which 
you can read the angle compared to the total 
value of the angle itself. In other words, if you 
expect 1 in 5,000 accuracy, and you can read 
the angle, using this very fine instrument, with 
an error not to exceed 1 second, then you have 
to have at least 5,000 seconds in the subtended 
angle in order to get 1 in 5,000 accuracy. If 
there are not 5,000 seconds there and the error 
is 1 second, you cannot get 1 in 5,000 accuracy 
because there are not 5,000 units there to meas- 
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ure. That can be deduced intuitively, but the 
calculus seems to bear us out, and I don’t quite 
agree with Mr. Tanner’s figures. Maybe we 
had better check back and forth, but I came up 
with the fact that, if you want 1 in 5,000 ac- 
curacy, the horizontal distance couldn’t be 
greater than 267 feet because that is the dis- 
tance subtended by 5,000 seconds on a 2-meter 
bar. One of the gentlemen asked about other 
bars. All this is directly proportional to the 
length of the bar, and I have used, personally, 
a 3-meter subtense bar made by Zeiss. If any- 
body wants to argue the matter with me, I have 
a few copies here. 

CHAIRMAN GHENT: Anything you want 
to say in rebuttal, Mr. Tanner? 

MR. TANNER: No, thank you. We will 
compare notes afterwards, Mr. Berry and I. 

CHAIRMAN GHENT: We want to thank 
you, Mr. Tanner, for your fine presentation to 
this group. 
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A New Philosophy for Making 
Measurements 


By SUMNER B. IRISH 


PRINCETON 


O SAY that a new philosophy for 

making measurements is desirable or 
necessary is probably to raise a debatable 
point. The subject of how we should or 
should not make measurements has been 
discussed from time immemorial. In so do- 
ing, however, much has been forgotten so 
that it can be said, at least, that it is now 
time to reexamine our methods of making 
the basic surveying measurements. 

Each and every day the thinking surveyor 
must come in contact with at least one 
measurement made by someone lacking a 
real appreciation of what takes place when 
a survey is made. Allow me to cite some 
examples of work that, to my mind, is in 
need of reevaluation. 


NEED FOR APPRECIATION 
OF ACCURACIES 

Recently, a detailed and carefully made 
survey was reported upon before a session 
of one of the technical societies. Among 
other things, the speaker reported how a 
base line was measured in connection with 
the triangulation work which was to ensue. 
Extreme care was used in making all the 
corrections that are related to base-line 
work. The reported probable error was 
1/3,800,000, or, as I would express it, the 
unit error reported was +0.026~x 10° 
foot/foot. How often do we get that kind 
of accuracy in our work? Not very often. 
But was that accuracy really there? I 
think not. The tape which was used was 
standardized by the National Bureau of 
Standards and reported to be 100.001 feet 
long at 10 pounds tension. That would 
mean, to me, that the actual length of the 








Presented at the Fifteenth Annual Meeting of 
the American Congress on Surveying and Map- 
ping, Washington, D. C., Mar. 9-11, 1955. 
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tape was somewhere between 100.0005 feet 
and 100.0015 feet at that tension or, in 
other words, the tape had a possible error of 
+0.0005 foot in 100 feet and an average 
error of +0.00025 foot in 100 feet, or an 
average unit error of + 0.25 x 10° foot/foot. 
This is almost 10 times the error reported. 
What happened in this case is not unusual. 
It represents a lack of appreciation for the 
fact that every piece of equipment and every 
technique which we use and every measure- 
ment which we make involves some sort of 
an error that needs evaluation. 

Another recent project report told of 
another base line that measured with ex- 
treme care six different times by making 
three round trips back and forth. Results 
were excellent, but the accuracy obtained 
from three round trips was only slightly 
better than that from one round trip. Again, 
a true appreciation of what was being done 
was not present. This was on an engineer- 
ing job where man-hours very definitely 
meant dollars; but dollars seemed to mean 
nothing to these surveyors. Too often we 
are inclined to measure distances and angles 
with a degree of accuracy which reflects 
primarily a love for a fine job done well, 
almost as a work of art, rather than for an 
engineering job done to the required stand- 
ards at the minimum cost. 

Angle measurements suffer from the same 
trouble. It is very easy to set up at a sta- 
tion and to turn angles two,- three, or six 
times, direct and reverse. I doubt, how- 
ever, that on any but the most precise work 
angles need to be turned more than once 
direct and once reverse to produce the de- 
sired results. Again, the surveyor seems to 
be reflecting an unscientific approach to his 
work. He seems to be saying, “I will do 
this enough times so it is bound to be O. K.” 
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As for evaluation of his work, he seems to 
have done precious little of it. 


A final example which I would like to 
mention and which shows a poor apprecia- 
tion of accuracies in surveying work in- 
volves a graduate student who wanted a 
contour map of the Princeton area at about 
twice the scale of the available quadrangle 
sheet. This was gotten very easily by an 
enlargement of the pertinent topographic 
sheet. However, on the enlargement, the 
20-foot contours were too far apart in his 
judgment. He was, therefore, going to 
interpolate with an intermediate line and 
make a 10-foot contour map out of the en- 
largement. I questioned the wisdom of do- 
ing this and tried to show him that not too 
much good would come of it. He felt, 
however, that he would, by drawing in these 
additional contour lines, have more infor- 
mation as to the grades on the streets, and 
so forth. I would hesitate to guess the 
accuracy of the resulting contour map. 

In the examples shown above, we can say 
that good, straightforward engineering 
thinking was not present. Analysis, a 
fundamental aspect of engineering, was not 
followed in those projects. Yet it is ab- 
solutely necessary for us to do just that if 
surveying is to survive as a part of engineer- 
ing. While we want surveys that are satis- 
factory, we want them satisfactory as engi- 
neering jobs and not as works of art. We 
must get away from that old idea of survey- 
ing as an art and make a science of it. 
We must find out what will put it on 
sounder ground and proceed to do just that. 
Developing a fundamental scientific ap- 
proach to making measurements is one, but 
only one, very important aspect of the work. 


Upon looking over the more common 
surveying texts and references, I see no end 
of the necessary beginnings for the type of 
analysis which I am advocating; however, 
in all cases the surface is merely scratched. 
The formulas are given for the corrections 
to tape lengths, for instance, but no attempt 
is made to follow through and to measure 
the effect of the errors in the determination 
of the various factors in the formulas. The 
textbook which best handles what I am dis- 
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cussing is Surveying, 4th edition, by R. E. 
Davis and F. S. Foote. The authors do 
organize in somewhat of a systematic form 
the corrections which must be considered 
when making the basic measurements with 
the tape, the transit, and the level. They 
do lay down specifications for achieving 
certain accuracies, but these are only the 
very crudest. Yet they will guarantee satis- 
factory results with an ample margin to 
spare. 

There is a definite challenge to go ahead 
and to do some constructive work on this 
subject. We must try to establish criteria 
for measurements than can be used intel- 
ligently for the design of surveys. Surveys 
will then reflect an engineering approach 
and analysis which are so desirable in our 
work. 


EXPRESSING THE MAGNITUDE 
OF ERRORS 

Before analyzing the errors in our meas- 
urements, I would like to discuss briefly the 
method of expressing the magnitude of 
errors. In the past, this has been done by 
using the relative-fraction idea of 1 over 
a number which is so common and useful 
on the maps we make. This concept very 
definitely has its shortcomings, however, in 
dealing with errors. Often the square of 
the errors from the various components of 
a distance or an angle have to be added 
together. When they are expressed as rela- 
tive fractions it is not a simple operation 
In place of the relative-fraction concept | 
recommend that we define the errors in 
taping in each case as so many parts per 
hundred thousand or some other power of 
ten. For example, a distance which has an 
accuracy as now expressed of 1/25,000, 
would, in the recommended system, be ex- 
pressed as + 4x 10°. 


TAPING ERRORS 

Now, let us take a more critical look at 
some of the errors in taping, how they 
occur and their magnitude. Let us see if a 
new and sounder philosophy for making 
measurements can be developed, and par- 
ticularly in line with the recommended 
method for defining errors. 
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Errors in Tape Length 


The first error in taping which should be 
considered is that due to the tape itself—an 
instrumental error. If the tape is standard- 
ized by the National Bureau of Standards, 
the length will probably be given, as men- 
tioned previously, to the nearest 0.001 foot 
in 100 feet. This permits a maximum error 
of + 0.0005 foot in the 100 feet of the tape 
or an average or probable error of + 0.00025 
foot in 100 feet. A unit probable error in 
distance of v, = +0.25x 10° foot/foot will 
result; this must be considered when de- 
termining the overall accuracy of distance 
measurements. If means other than the 
National Bureau of Standards are used in 
standardizing the tape, the limitations of 
that method must be similarly considered. 


Correction for Temperature 


The second error is that resulting from 
the determination of the correction for 
temperature. The basic formula is included 
in all surveying texts and is readily evalu- 
ated by any student or surveyor. However, 
the accuracy of the correction depends just 
as much on the accuracy of the tempera- 
ture determination as it does on the correct 
arithmetical manipulation of the numbers 
involved. Let us look at the accuracy of 
that determination, and its consequent ef- 
fect on the accuracy of the distance meas- 
urement. 

Let 


L=total measured length, feet 

t=final temperature, degrees Fahrenheit 

t,= original temperature, degrees Fahren- 
heit 

C,= correction to length L due to tempera- 
ture difference, feet 

é;= unit correction due to temperature dif- 
ference, feet/foot 

\t= probable error in temperature meas- 
urement, degrees Fahrenheit 

v,=unit probable error in distance due to 
error in temperature measurement, 
feet /foot. 


Then 
C, = 0.00000645 L (t-t,) 
e, = 0.00000645 (t-t,) 

v= 0.00000645 At. 
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By establishing the accuracy to which the 
temperature can reasonably be determined, 
the accuracy of the correction due to the 
temperature can then be stated. This cor- 
rection will be another step on the way to- 
ward determining the accuracy of the dis- 
tance measured. 

The converse reasoning can also be used 
in this case. With a certain limit estab- 
lished for the unit probable error in dis- 
tance due to the error in temperature de- 
termination, the accuracy with which the 
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Ficure 1.—Unit error in distance due to error 


in temperature measurement. 


temperature must be measured can then be 
specified. The evaluation of the necessary 
relationships is facilitated by a graph, fig- 
ure 1, 


Error in Vertical Alignment 

The next error which will be considered 
is that due to vertical alignment. This is 
very much of a problem, particularly to 
those who use the tape horizontally. That 
aspect will be considered first. 

The correction for a deviation from the 
horizontal, better known as slope, is well 
known as it is one of the fundamental cor- 
rections to which we expose our students. 
This expression is the basis for evaluating 
the unit probable error in distance due to 
an error in vertical alignment. 
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Ficure 2.—Correction for slope. 








cm, 


In figure 2, let 
h = difference in elevation of ends of tape, 
feet 
C,,= correction to length L due to slope of 
tape, feet 
€,= unit correction due to slope of tape, 
feet/foot 
v,=unit probable error in distance due to 
error in vertical alignment, feet/foot. 


h? 1/ h* 3 he 
n= or ~ (7 ) 5 (zs) 
Lfh\? 1f/h\4 3 /h\é 
=eé,= - — e 
ae 8\L) * 16\L 


Again, knowing the overall length of the 
tape, or the segment to be used, the unit 
probable error in the distance due to an 
error in the vertical alignment of the tape 
can be predicted. Or the converse can be 
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Ficure 3.—Unit error in distance due to error 
in horizontal and vertical alignment. 
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stated, that is, with a certain limit on the 
unit error, the ends of the tape must be held 
horizontal within certain specified limits, 
A graph is shown (fig. 3) which simplifies 
the computations of the pertinent values, 

For the case in which the tape is used on 
a slope, determination of the unit error in 
distance due to the error in the determina- 
tion of the difference in elevation of the ends 
of the tape will also be made from the slope- 
correction formula. 


Where 
Ah= probable error in difference in eleva- 
tion, feet 
v,=unit probable error in distance due to 
error in difference in elevation, 
feet /foot. 


h2 1 he 3 \ ns 
C= 57 ~ alas) * (ae) 
nat (h\_1fh\t, 3h) 
s=O\L 8\L) * \L 


_ _hAh 1/h8Ah\  9/ hAR 
PB Ne 8\ Ls 


A graph for a tape length of 100 feet is 
included (fig. 4) to facilitate the determi- 
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Ficure 4.—Unit error in distance due to error 
in elevation difference measurement. 


nation of the unit probable error. It is 
used in a manner similar to the foregoing 
graphs. Knowing the measured difference 
in elevation of the ends of the tape and the 
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error in that determination, the unit prob- 
able error in the distance can be evaluated. 
Or, knowing the allowable unit probable 
error in the distance, and the difference in 
elevation of the ends of the tape, the per- 
missible probable error in that elevation 
difference determination can be evaluated. 


Error in Horizontal Alignment 


The problem due to an error in the hori- 
zontal alignment is very similar to that for 
vertical alignment. The same equation 
holds; however, the resulting unit probable 
error, as a rule, is generally much smaller 
than that found in the vertical alignment 
problem. The surveyor much more readily 
finds clues to help him in maintaining good 
horizontal alignment than he does for verti- 
cal alignment. Nevertheless this error does 
need to be considered. 

Let 


Ca = correction to length L due to mis- 
alignment of tape, feet 

a=net error in horizontal alignment of 
ends of tape, feet 

, = unit correction due to misalignment of 
tape, feet/foot 

v;=unit probable error in distance due to 
error in horizontal alignment, 
feet/foot. 


e 


Then 

a? 1 / a* 3 [ a® 
C-3-a(T) tal B) 
ao. ey. -tiav 3 7e,* 
s=e=5(\7) -3\z) *i6\z) ° 


The graph (fig. 3) used to evaluate the 
unit probable error due to an error in verti- 
cal alignment can also be used to facilitate 
the computation of the unit probable error 
due to an error in horizontal alignment. As 
before, either the unit probable error can 
be determined assuming a limit on the 
alignment error, or a limit on the alignment 
error can be determined assuming a limit 
on the unit probable error in distance. 


Variation in Tension 
Two types of errors are introduced in 


taping due to the variation in the tension 
on the tape. The first appears through a 


change in the elongation of the tape as de- 
termined by a consideration of Hooke’s 
Law, and the second by a consideration of 
the sag correction. Obviously one cannot 
hold a tape exactly at a specified tension, 
and it is necessary to evaluate the effect of 
any variation. 

The error caused by a change in elonga- 
tion through a consideration of Hooke’s 
Law will be considered first. 

Let 


P = final tension, pounds 

P, = original tension, pounds 

A=cross-sectional area of tape, square 
inches 

E=modulus of elasticity, pounds/square 

inch 

'= weight of tape, pounds/foot 

Cp = correction of length Z due to a change 
in tension and according to Hooke’s 
Law, feet/foot 

€,= unit correction due to change in ten- 
sion and according to Hooke’s Law, 
feet/foot 

AP = probable error in tension determina- 
tion, pounds 

U,=unit probable error in distance due to 
error in tension elongation and ac- 
cording to Hooke’s Law, feet/foot. 


Then 
(P-P.)L 
is Soe 
P-P, 
“= TE 
_ AP 
a 
Wien Asn e incl 1E 
1ere A= ~ 490 square incne S, anc .= 


29 x 10° pounds/square inch 
5 0.01173 x 105 AP 


w 


) 
6 


For any weight tape, if the accuracy with 
which the tension can be exerted is known, 
the unit probable error in distance accord- 
ing to Hooke’s Law can be determined. 
Conversely, for specified limits on this phase 
of the unit errors in distance, a limit on the 
variation of the tension pull can be estab- 
lished for any weight tape. Again a graph 
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Tension Error (\bs.) 


Ficure 5.—Unit error in distance due to error 
in tension (elongation). 
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(fig. 5) is furnished to facilitate the evalu. 
ation of the proposed equation. 

The error caused by a change in length 
resulting from the variation of the tension 
as it affects the sag correction will next be 
considered. The familiar formula for the 
sag of a tape considering its shape as a 
parabola will be used, rather than the more 
complicated and only slightly more precise 
formula considering it in its true shape as 
a catenary. 


Let 


C,=correction to length L according to 
the sag formula, feet 

é€,=unit correction according to the sag 
formula, feet/foot 

v;=unit probable error in distance due to 
the error in tension elongation and ac- 
cording to the sag formula, feet/foot. 
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Ficure 6.—Unit error in distance due to error in tension (sag). 
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Then tem, to mean sea level; or to some similar 

ct 278 basis. 

‘8 94Pp2 In figure 7, let 

_ wl? R =average radius of the earth, feet 
€s= 94 p2 d=distance above the datum plane, feet 
ES C,= correction to length L due to distance 
w?L2AP . : 
a . above datum plane, feet 
‘ 12P 


Through the above formula, the unit 
probable error in a distance according to 
the sag formula can be determined for a 
variation of the tension from some accepted 
normal value. To assist in the use of the 
formula, and to provide a ready means for 
evaluating it, a nomograph (fig. 6) is in- 
cluded which will handle the usual ranges 
and weights of tapes, tensions, and unsup- 
ported lengths. 

A sample problem is worked out on the 
nomograph to show its use. Assume that 
a tape weighs 0.022 pound per foot and is 
used with a normal tension of 15 pounds. 
For an unsupported length of 50 feet, and 
a probable error in the tension of 1 pound, 
what will be the unit probable error in the 
taping due to a consideration of sag only? 
To solve this problem, enter the “w” line 
with the weight of the tape, 0.022 
pound/foot. Simultaneously, enter the “L” 
line with the unsupported length, 50 feet. 
Determine where the line connecting those 
two points intersects the “A” line. Next 
enter the “P” line with the normal tension, 15 
pounds, and simultaneously enter the “AP” 
line with the probable error in the tension, 
1 pound. Determine the point at which the 
extended line connecting the last two points 
intersects the “B” line. Connect the points 
on the “A” and “B” lines. Where this line 
intersects the “v,” line, the answer to the 
problem, 3.0 x 10-° foot/foot, will be found. 


Elevation Above the Datum Plane 


A final correction which it would be well 
to look at analytically is that due to eleva- 
vation above the datum plane. This is a 
minor correction in most cases, but there 
are many places where a recognition of this 
should be made. This is particularly true 
if results are to be referred at a later date 
to distances in a State plane coordinate sys- 


€,= unit correction due to distance above 
the datum plane, feet/foot 

Ad = probable error in elevation determina- 
tion, feet 

v,=unit probable error in distance due to 
error in elevation above datum plane, 
feet/foot. 


Then 
L-C, R 
L R+d 
Ld 
“4 
d 
ae 
Ad 
v,= R very nearly 








Figure 7.—Correction for vertical datum. 





348 


Where 
R = 20.93 x 108 feet 
vg = 0.00478 x 10-5Ad. 

The evaluation of the formula is very 
simple. Limits can very easily be set on the 
unit probable error due to the error in the 
elevation above the datum plane. The ac- 
curacy necessary for the mean elevation 
above sea level can then be stated. Al- 
though the tolerances in this error are wide, 
it does not eliminate the fact that this cor- 
rection must be considered if good taping 
is to be done. A graph (fig. 8) is included 
to provide easy computation of this error. 


Combinations of Taping Errors 


The foregoing represents a rather com- 
prehensive analysis of the errors involved in 
the various aspects of the taping operation 
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Elevation Error (ft.) 


Ficure 8.—Unit error in distance due to error 
in total elevation determination. 


which can be readily evaluated. The man- 
ner in which these combine to give the com- 
plete picture of the unit probable error in 
distance will now be considered. 

Two of the errors, that from vertical 
alignment, vs, and that from horizontal 
alignment, vs, always tend to make the 
measured distance too long and _ conse- 
quently have one sign only. All the others 
tend to make the measured distance either 
too long or too short and strictly by chance. 
Therefore, the last-mentioned group will be 


SURVEYING AND MAPPING 


considered as positive or negative, inasmuch 
as the laws of chance hold, and the final 
probable error for that group will be the 
square root of the sum of the squares of the 
individual probable errors. With this in 
mind, the final unit probable error in dis- 
tance for taping which may be readily 
analyzed may then be defined as follows: 





V=V0,? + 0,7 +042 +0? + vz? + Ver +2 ,+Us 

The sign of the radical is chosen so as to 
agree with the sign of the alignment errors. 
In this manner the worst situation, from a 
statistical standpoint, is evaluated. This is 
necessarily on the conservative side. 


Other Sources of Error 


While the above errors include most of 
those which occur in taping, there are a 
few more which should be mentioned, one 
way or another, and suggestions should be 
made as to how they should be handled. 

Reading the graduations on a tape may 
be subject to some error. For precise work, 
a scratchawl is used to make a mark on a 
copper plate at the front end of the tape. 
The rear end of the tape is then brought 
abreast of this fine line. It is doubtful if 
a probable error of more than + 0.0005 foot 
exists in each tape length due to this cause. 
For a 100-foot tape this gives a unit prob- 
able error of +0.5x 10° foot/foot. If a 
plumb-bob string is held across the tape, a 
guess of the probable error encountered 
would be something like +0.0015 foot at 
each end of the tape. Considering the two 
ends of the tape and that the laws of chance 
apply, the probable error would be approxi- 
mately + 0.0021 foot, or a unit probable 
error of + 2.1 x 10-° foot/foot for a 100-foot 
tape. 

The foregoing figures are only guesses. 
They nevertheless reflect ignorance which 
needs enlightenment. This is one point 
which needs investigation. 

Another source of error worth investiga- 
tion, regarding whose magnitude the writer 
would not want to hazard even the roughest 
guess, is that which occurs when marking 
the ends of the tape on the ground when 
the tape is used horizontally and supported 
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at both ends. The swing of the plumb bob 
is something that defies analysis at a desk, 
but it can be determined successfully and 
accurately by the analysis of field data. 
Different weights of plumb bobs, lengths of 
free strings, wind velocities, and operators 
will need to be taken into account. This 
error is undoubtedly one of the principal 
errors in the taping process. It probably 
reduces to insignificance most of the errors 
previously mentioned. That is all the more 
reason why this error should present a chal- 
lenge to the surveying teacher to investigate 
and systematize the knowledge of this phe- 
nomena. 

Wind is the last factor affecting the tap- 
ing operation to be considered. Its action is 
very much akin to that of the weight of the 
tape which produced sag. Whether or not 
it can be analyzed satisfactorily is a debat- 
able point. Probably some investigation of 
this source of error should be made, but how 
the information might be used, the writer is 
not certain. Unquestionably, precise taping 
operations should not be undertaken in a 
strong wind. Perhaps that is what needs 
to be said about this error. 

T‘ us the story for taping is concluded. 
As stated at the very beginning, the rela- 
tionships established are not new but merely 
restated. They represent the desirable 
analytical approach to taping. And with it 
we have a sound philosophy for making 
measurements. 

Applying the above error theory, the sur- 
veyor who is measuring a distance will know 
what he is doing and what he should get 
as a result. He will know how careful he 
has to be when measuring temperature, 
slope, tension, and so forth. It is unques- 
tionably the correct approach for making 
measurements. 


ERRORS IN ANGLE MEASUREMENT 

Types of surveying measurements other 
than taping will lend themselves to similar 
analysis for an ultimate benefit to the work 
which the surveyor does. Take the meas- 
urement of angles with the engineer’s tran- 
sit or optical-reading theodolite. Through 
preliminary investigations, the writer has 








found that the experimental approach 
promises to play a larger role in the determi- 
nation of errors encountered in angle meas- 
urements than in taping measurements. 
Some mathematical analysis can be made, 
but it seems to be limited. The writer hopes 
to have some information on certain aspects 
of this work in the near future. 


ERRORS IN LEVELING 

Leveling presents a challenge for more 
scientific handling also. This is in accord 
with the recommended philosophy of mak- 
ing measurements. An intelligent analysis 
of the quantity and quality of work which 
a level is capable of producing is, of course, 
an absolute “must” for a sound approach to 
The writer, with Prof. Philip 
Kissam, has developed the Princeton Level 
Test, which is a means of measuring the 
standard angular error, o,, of a level. The 
standard angular error combines most of 
the errors of leveling due to the instrument 
itself, such as parallax, atmospheric refrac- 
tion, variation in temperature, settlement 
of the tripod bubble not centered at the in- 
stant of sighting, and inability of the ob- 
server to read the rod easily. This error in 
the instrument can be related to the error 
per mile which the instrument will produce 
through the following formula: 


leveling. 


e=72.7C vV/lo, 
where 
e=error per mile, feet 
C = factor dependent upon percent of level 
lines to be satisfactory 
l= length of sight used, feet 


o,,= standard angular error of level, radians. 


This formula has been set up in a nomo- 
graph (fig. 9), which follows, for easy solu- 
tion. 

The work on levels mentioned above 
says nothing about the rods used in leveling 
although they are vitally important to the 
quality of work done. In particular, noth- 
ing is said about the rod not being of stand- 
ard length and not being held plumb, nor 
anything about the expansion and contrac- 
tion of the rod, or the settlement of turning 
points. In erder to have the complete story 
on leveling, this information should be on 
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hand. It should not be too difficult to ob- 
tain. Then, the complete analysis of level- 
ing can be made exactly as the complete 
analysis of taping is carried out. 


INSTRUMENTAL ERRORS 
Instrumental errors need investigation 
very badly. All surveying texts give pro- 
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Or had we better leave well enough alone? 
What is the answer and why? 

Optical distance-measuring devices are 
providing a very fruitful field for this type 
of analysis. ‘These instruments are popular 
in Europe, but, as yet, not so here. What 
quality of work can be done with them? 
Should we give consideration to them? 

Evaluation of the opti- 
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Figure 9.—Error per mile in leveling. be understood. What 


cedures for making the adjustments to the 
instruments, but none say _ specifically 
what is the effect of the instrument being 
out of adjustment. How accurately must 
the adjustments be made for acceptable 
surveys? Statements can and probably will 
be made in a qualitative sense, but we need 
to bring out into the open information re- 
garding the importance of adjustments in a 
quantitative sense. For example, when per- 
pendicularity of the line of sight to the hori- 
zontal axis of the transit is tested, what is 
the overall effect of an error of 0.002 foot 
at 100 feet at the end of the test? Do we 
really need to adjust the transit in that case? 


are the contributions of 
angle and distance accuracies to the accu- 
racy of a traverse? These should be known. 


A SOUND APPROACH TO MEASUREMENT 


The latter part of this paper has posed 
many more questions than it has answered. 
That probably is not the customary function 
for this type of paper. However, the writer 
feels that it is a necessary feature in his 
effort to transmit an idea of what we must 
do to have a sound approach to making 
measurements. 

I trust that, in a small measure, the first 
portion of this paper will perhaps be useful 
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FEDERAL CARTOGRAPHIC RECORDS 


with its analysis of taping with concrete 
suggestions as to how the new philosophy 
can be accomplished; and it is important 
that we use this philosophy for making 


ae 
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measurements. We must use good analy- 
tical techniques in what we do. Thus, and 
only thus, will surveying progress and sur- 
vive. 


Federal Cartographic Records in the 
National Archives 


By CHARLOTTE M. ASHBY 


THE NATIONAL ARCHIVES 


HE NATIONAL ARCHIVES, estab- 

lished in 1934, is the official depository 
for all records of enduring value accumu- 
lated by the United States Government and 
is responsible for making such records avail- 
able to Government officials, scholars, and 
other interested persons. In 1949 the Na- 
tional Archives was transferred to the newly 
created General Services Administration, 
where it became a division of the National 
Archives and Records Service. 

Among the records in the National Ar- 
chives are a great many maps that have 
been filed by Government agencies. Some 
of the maps are so closely related to textual 
records that they are kept with those rec- 
ords. Most of them, however, have been 
physically separated from other records and 
are kept together in a map collection. 

In this collection are over 800,000 maps 
and related cartographic records of endur- 
ing value, received from 125 different Gov- 
ernment agencies. Approximately 500,000 
of the maps are in manuscript or are an- 
notated and are believed to be unique. 
These cartographic records cover a wide 
variety of subjects and areas, although most 
of them relate to the United States, its 
parts, and possessions. 

In the National Archives, cartographic 
records are not arranged by area as in most 
map depositories. According to archival 
practice, all records—textual, pictorial, and 
cartographic—are grouped by agency of 
origin, in numbered and titled record 


groups, e.g., Record Group 37, Records of 
the Hydrographic Office; Record Group 49, 
Records of the Bureau of Land Manage- 
ment; and Record Group 77, Records of 
the Office of the Chief of Engineers. The 
National Archives has issued many prelimi- 
nary inventories of record groups, some in- 
cluding maps which are briefly described 
by series. For larger and more specialized 
cartographic records, however, detailed de- 
scriptions are desirable to familiarize schol- 
ars and others with the National Archives’ 
map holdings. 

Because of the urgent need for office 
space by Government agencies during the 
period 1940 to 1946, the National Archives 
accepted large quantities of unscreened and 
poorly arranged records. The staff of the 
Cartographic Records Branch was occupied 
for some time, therefore, in screening non- 
record and duplicate materials among its 
holdings and rearranging pertinent records 
into logical subgroups and series according 
to origin. This task has now been com- 
pleted. 

To forestall such disorganized dumping 
of records in the future, a records schedule 
has been adopted that controls the author- 
ized disposition of all cartographic records 
wherever created and existing in the Federal 
Government.’ Hereafter cartographic rec- 
ords received by the National Archives from 





1 General Records Schedule 17, Cartographic, 
Photogrammetric, and Related Records, ap- 
proved by Congress August 9, 1954, and pub- 
lished as Ho. Rept. 2644, 83d Cong., 2d Sess. 
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Government agencies should be free of non- 
record and duplicate materials and arranged 
in accordance with a prescribed or other- 
wise acceptable order. Transfer will thus 
be selective and controlled rather than hap- 
hazard. 

The arrangement of cartographic records 
by organized groups has made it possible 
for the staff of the Cartographic Records 
Branch to prepare descriptions of the rec- 
ords. Since 1952, five publications describ- 
ing cartographic record groups have been 
issued. These are available on request to 
the National Archives, Washington 25, 
D.C. They are: 

Special List No. 13, “List of Cartographic 
Records of the Bureau of Indian Affairs” (1954, 
27 pp.), by Laura E. Kelsay. 

Preliminary Inventory No. 45, “Cartographic 
Records of the Federal Housing Administration” 

1952, 57 pp.), by Charlotte M. Ashby. 

Preliminary Inventory No. 68, “Cartographic 
Records cf the American Commission to Ne- 
gotiate Peace” (1954, 11 pp.), by James B. 
Rhoads. 

Preliminary Inventory No. 73, “Cartographic 
Records of the United States Marine Corps” 

1954, 17 pp.), by Charlotte M. Ashby. 

Preliminary Inventory No. 81, “Cartographic 
Records of the Office of the Secretary of the 
Interior” (1955, 11 pp.), by Laura E. Kelsay. 
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Other inventories and lists recently com- 
pleted and scheduled for publication in 
1955 include cartographic records of: 


The Panama Canal 

The Office of the Chief of Naval Operations 

The National Recovery Administration 

The Office of the Chief of Engineers 

The Soil Conservation Service 

The Railroad Division of the Reconstruction 
Finance Corporation 


The Hydrographic Office 


Concurrently with the preparation of in- 
ventories and lists of the records by indi- 
vidual record groups the staff is compiling 
a comprehensive guide to the cartographic 
records in the National Archives. This 
guide will be in two sections. The first will 
include descriptions of records by group and 
subgroup. The second will be a detailed 
index to the subject content of the maps. 
The latter will be especially useful in that 
it will facilitate the area approach to rec- 
ords that most searchers prefer to use. 
The incomplete index is already proving 
invaluable to the staff in answering refer- 
ence questions that relate to subjects and 
areas. 


Gurley Announces New Equipmeut 


A modern lightweight range pole has been 
introduced by W. & L. E. Gurley, Troy, N. Y. 
The new Gurley range pole is formed from 
lightweight metal tubing and has a steel point 
at one end, which provides excellent balance 
for plumbing. 

Eight-foot poles are made in two sections. 
The sections are joined by means of a slip- 
joint which provides the added feature that 
wear can be taken up by simply spreading the 
split-plug connector. No special tools are 
needed. A hand axe or a jackknife can be 
inserted in the slots to spread the metal, thus 
tightening the joint. 

The top section of this pole has a plug which 


can be removed to permit the addition of an 
extra four-foot section. 





A new “Standout Bubble” has been added to 
all Gurley transits and levels. This enables the 
leveling of these instruments to be accomplished 
more easily under adverse light conditions. 

The ends of the glass vial containing the 
bubble have been tinted black. This black sur- 
face causes the ends of the bubble to appear to 
have been darkened and makes the position of 
the bubble ends more clearly visible. 

For further information concerning either of 
the above items, write to W. & L. E. Gurley, 
530 Fulton St., Troy, N. Y. 
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BLUDWORTH MARINE 


A Subsidiary of 
General Precision Equipment Corporation 
92 Gold Street, New York 38, N. Y. 





Precision built electronic equipment since 1926 











UNI-GRAVERS 


Scribing Instruments 


FOR PAINT-COATED PLATES 





@ Uni-gravers employ either needles or 
flat blades in an interchangeable adapter 
(pat. pending) . . . Of brass with 
wrinkled finish and nickel plating .. . 
Have Bausch G&G Lomb 2” focal length 
optic adjustable at any position. 

See Catalog for mechanical 

Uni-Dotter and fine-line Uni-Pens. 


UNIVERSAL INSTRUMENT CO. 


3807-11 Bunker Hill Road 
Brentwood, Md. 
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s MISTAKE FREE 


@ No need to turn telescope dur- 
ing leveling 

@ American type—erecting eye- 
piece, 4 leveling screws 

@ Unbelievably fast and accurate, 
yet simple-to-use. Economical! 


FENNEL 


INSTRUMENT CORP. OF AMERICA 
11-27 44th Rd., LONG ISLAND CITY, N. Y. 
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Triangulation and Traverse Signal Light 


By HENRY L. THOMSON 


DEPARTMENT OF PUBLIC WORKS, CITY OF LOS ANGELES 


BSERVATIONS for _ triangulation 

when made at night using signal 
lights generally give results superior to those 
obtained in daytime observations. 

A reliable signal light which can be ac- 
curately pointed, has a good light pattern 
and a range in size and intensity of light, 
is essential for satisfactory night observa- 
tions. The signal light described below has 
been developed during the last fifteen years 
to meet the requirements of metropolitan 
first-order triangulation and traverse surveys. 

The body of the light, which is made 
much like a transit in principle, consists of 
a base, standards, and light box. It is usu- 
ally mounted on an extension-leg tripod. 
The body can be turned on the tripod head 
and the box tilted for pointing. 

The light source finally adopted because 
of its fairly uniform light pattern and stabil- 
ity of adjustment is a two-cell flashlight with 
a bakelite case and a fixed-focus bulb with 
shatterproof glass window in front. The re- 
flector is coated with rhodium which does 
not oxidize or become dull. An extra bulb 
is carried in the rear screw plug. The whole 
assembly is waterproof. This flashlight, 
called the Tuffite F-80, is made by the S. R. 
3rowne Manufacturing Company, Inc., 258 
Broadway, New York 7, N. Y. 

The beam of the flashlight must be 
alined with the survey line by means of the 
screw-eye sights. This adjustment can best 
be made in a long, darkened basement or 
outside at night. The rear of the flashlight 
case is moved by the four adjusting screws 
in the rear of the box so that the bright part 
of the light pattern appearing on a wall, 
from 50 to 100 feet away, will be seen 


through the screw-eye sights. 

The brightness of the light is controlled 
by a 15-ohm rheostat, mounted at the rear 
of the box. Current is supplied, through a 
flexible cord, from two No. 6 dry cells con- 
nected in series. 

The diaphragms or stops are made of 
1/64-inch pressboard, with rectangular ver- 
tical slots from 1/32- to Y-inch wide. 
These are kept in the light box. Any one 
of these can be inserted in the slot in front 
of the flashlight. The diaphragm can be 
quickly removed, giving a wide-open light 
for identification or signaling. In triangu- 
lation, the observer directs the lightkeeper 
by signals or radiophone until he obtains a 
light of suitable size and brightness for the 
best observations. 

On first-order traverse, the signal lights 
are mounted on tripods 8 to 15 feet high to 
get above obstructions and minimize refrac- 
tion. The long tripod legs are wooden cur- 
tain rods of the proper size to fit the exten- 
sion-leg tripods. 

In order to insure accuracy with the 
relatively short sights between traverse mon- 
uments in a city, the center of the narrow 
light slot must be set as closely as possible 
over the station point. This is done with a 
transit set on line, 15 to 20 feet ahead of 
the light. The light box is moved laterally 
until the crosshair bisects the lighted slot. 
The pointing of the light on the theodolite 
is checked by sighting through the screw 
eyes. 

These signal lights have a wide field of 
usefulness, being often used for the accurate 
establishment of long transit lines in the 
daytime when visibility is poor. 


1956 ACSM-ASP CONSECUTIVE MEETINGS AND CO-EXHIBIT 
March 19-24, 1956, Washington, D. C. 
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The Repair of Instruments, and the 
Relationship of the Instrument Repairman 
to the Surveyor 


By LAWRENCE R. SMITH and CLIFFORD A. THORPE, JR. 


THORPE-SMITH, INC., 


AM SURE that during the years in 
which you have practiced the profession 
of surveying, you have read many papers 
and booklets dealing with the care of engi- 
neering and surveying instruments. It is 
not the purpose of this paper and demon- 
stration to criticize or to add unduly to 
what has been written by experts in dif- 
ferent lines of engineering and surveying 
work. It is intended to show that the sur- 
veyor should learn to discriminate between 
the adjustments and repairs which he can 
do himself, and those which he should not 
attempt. Damage can be done by neglecting 
to make repairs, and it can also be done by 
a man in the field attempting to perform 
an operation that requires both special and 
proper equipment. 

Because of the exceptional and varied 
rough treatment that the instrument is put 
to during a normal day’s work, the instru- 
mentman must use every precaution to 
avoid hitting or dropping his instrument. 
During my years of repairing, I have found 
that it is these two causes which lead to 
costly repairs. 

Plain common sense is the safest guide 
in the handling of surveying instruments. 

First, I would like to ask you a question, 
“What is the relationship of a repairman, 
or a firm engaged in performing expert re- 
pair work, to the engineer?” It is my opin- 
ion that such a firm or person is duty bound 
by the same code of business and profes- 
sional ethics as the engineering and survey- 
ing profession. I sincerely believe the fol- 
lowing points are included: 





Presented at the Fifteenth Annual Meeting, 
American Congress on Surveying and Mapping, 
Washington, D. C., Mar. 9-11, 1955. 


FALLS CHURCH, VA. 


1. He must be qualified to perform repair 
work, and his ability must be recognized by the 
various manufacturers of instruments. 

2. He must give an honest and accurate esti- 
mate of all repairs to be done. 

3. He must give service to all and perform 
his work in the shortest time commensurate 
with good workmanship. 

4. He must guarantee his work and uphold 
that guarantee. 


Just as good, medium, and incompetent 
workmen are found in any type of business 
or profession, so are they found among 
those engaged in doing instrument repair 
work. I like to place repairmen in the fol- 
lowing three classes. First, the qualified 
repairman—this man usually is a college 
graduate in engineering who is qualified 
through years of training and experience to 
perform repairs to instruments. He makes 
many of the parts needed and does a com- 
plete and thorough job. It is this type of 
man that the manufacturer will recognize 
as being able to make the instrument func- 
tion as it was manufactured to do. Second 
might be called the replacement repairman. 
This man cannot do much more than order 
new every part that requires work to be 
done on it. He will tie up an instrument 
for a long period of time, and his charges 
are higher than necessary. The third and 
last is the worst of all. I call him the clean- 
ing and adjusting man, but in truth he does 
neither of these necessary operations. This 
type of repairman has ruined more good 
instruments than I would care to mention. 
I think that many of you have met this type. 
He will wipe off an instrument, but beyond 
that his repair work follows the style of a 
blacksmith. The instrument is tightened, 
forced, shimmed up with paper, and it will 
not perform as it was built to do. Here you 
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THE REPAIR OF INSTRUMENTS 


will see low prices, so low in fact that you 
should be cautious from the very start. 

The most frequent question that I am 
asked by engineers is, “When should an 
instrument that has not met with an ac- 
cident or been dropped be sent in for re- 
pairs or for overhauling?” In answering 
this I will have to rule out the time element 
because no two surveyors or instrumentmen 
will take the same care of their equipment. 
An instrument should be repaired when: 

1. It fails to perform within the prescribed 
closures of the work being done. 

2. An engineer is having to waste valuable 
time on field adjustments and checks because he 
has lost confidence in the accuracy of his instru- 
ment. 

3. The instrument starts te gum up and the 
screws are getting harder to turn and the ver- 
niers are becoming more difficult to line up and 
match. 

4, Any of its moving parts bind or are stiff. 


In order that you may determine if er- 
rors in work are attributable to the instru- 
ment, a conventional transit will be broken 
down and the points highlighted to show 
where an engineer or instrumentman may 
look for damage and wear which would 
cause an instrument to lose its accuracy. 
The following common causes of error in 
a transit will be discussed [Eprror’s NOTE. 
—The points listed below were demon- 
strated with the aid of a transit partially 
disassembled for the purpose]: 
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1. Loose objective lens in mount or cell. 

2. Canadian balsam between glass in objec- 
tive lens starting to give way or deteriorate. 

3. Cross hairs off perpendicular or out of ad- 
justment. 

4. Eyepiece lens loose. 

5. Wear in telescope slide or bearings. 

6. Wear in telescope axis bearing (out of 
round) or axis bent. 

7. Lateral play in telescope axis—standard 
alignment. 

8. Bent standards. 

9. Bent upper spindle. 

10. Wear in spindle causing it to ride shoulder. 
11. Spindle not fitting, causing it to ride the 
taper. 

12. Vertical play in spindle. 

13. A and B vernier check. 

14. Lower limb plate off center to spindle. 

15. Check spindle centers, true to each after 
repairs. 

16. Lower spindle—same as upper. 

17. Wear or jump in upper- and lower-motion 
clamps. 

18. Fit of clamps. 

19. Bent plumb-bob hanger. 

20. Play in tripod. 

21. “Creeping” or defective plate or telescope 
vials. 

The different designs of instruments, and 
the different types of mechanical means ac- 
complishing the same function, make it im- 
possible to explain them all within the al- 
loted time. We do believe, however, that 
the brief explanations of these causes are 
oi value to the engineer and surveyor. 
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PHOTOGRAMMETRIC INSTRUMENTS 


Mirror Stereoscope, Binocular Magnifier 4 - 7 X 
Mirror Stereoscopes and Bracket Supports 

Mirror Stereoscope, Binocular Magnifier 3 X, NEW 
Stereometer — NEW: Sp-1 Stereo Spectacles — NEW 
L-1 Vertical Sketchmasters 
Model PL-4 Wernstedt-Mahan Plotters 


HARRISON C. 
1209 - 8th AVENUE, OAKLAND 6, CALIFORNIA, U.S.A. 
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Improving the Accuracy of Altimetry 


By WARREN F. HARING 


WALLACE & TIERNAN, INC., BELLEVILLE, N. J- 


HE APPLICATION of engineering 

principles and methods is almost al- 
ways closely related to economic considera- 
tions. There should be little wonder, there- 
fore, that the time- and cost-saving features 
of altimetry using the atmosphere as a yard- 
stick—and not requiring lines of sight— 
should continue to receive attention as a 
method which may permit greater accu- 
racies. Furthermore, it is not surprising 
that efforts are being made to extend the 
permissible use of altimetry during times of 
more adverse weather conditions. 

In the quest for higher accuracies and 
additional periods of use, we have two fields 
of action. One field is the perfection of a 
more sensitive and accurate altimeter as an 
instrument. This we will leave for the mo- 
ment to the instrument engineer. The 
other field is the study of the vagaries of the 
yardstick—the atmosphere—to which this 
discussion will be confined. 


THE YARDSTICK 


It is hardly necessary to state that the air 
is seldom if ever in a state of equilibrium. 
However, we must establish some sort of 
pressure-versus-altitude relationship as a 
standard. The pressure-versus-altitude re- 
lationship as set forth in Smithsonian 
Meteorological Table 51 (fifth edition, re- 
vised, 1939 reprint) has been chosen as a 
standard because it is based upon the den- 
sity of air at a definite temperature and 
humidity, namely, 50° F. and zero humidity. 
The use of this particular table is augmented 
by S. M. Table 52, which accurately sets 
forth the corrections that must be applied 
to the Smithsonian atmosphere for tempera- 
tures which may deviate from 50° F., and S. 
M. Table 54 for an average degree of 
humidity. By taking the average of air-tem- 
perature readings and an average value of 
humidity, additive corrections may be ob- 
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tained from S. M. Tables 52 and 54. These 
corrections can then be added to the differ- 
ence in altimeter readings and the sum 
divided by the difference in altimeter read- 
ings. The dividend resulting from this oper- 
ation is the air-density correction factor. 
This air-density correction factor is then ap- 
plied to the differences in all altimeter read- 
ings in this range. This assumes that the 
altimeters have been calibrated to a stand- 
ard atmosphere (values shown in S. M. 
Table 51). Expressed as a simple equation, 
we have: 


Standard 
Difference _Air-density air column 
in altimeter x correction = to which 
readings factor altimeter is 
calibrated 
Difference Air-density Known 
in altimeter x correction = difference in (1) 
readings factor elevation 


In this manner the altimeter scale is made 
to match more nearly the existing air-den- 
sity conditions at the time of the field work. 

Any analysis of the various factors which 
affect the accuracy of altimetry shows that 
the variation in air density is by far the most 
important single item. The relative ac- 
curacy of various field procedures has con- 
clusively proven that a single base is the 
minimum requirement for the purpose of 
following the fluctuations of atmospheric 
pressure with time, and it has been standard 
practice to take air-temperature and humid- 
ity readings at various intervals near the 
ground. Anyone who has ever made a 
series of air-temperature and humidity read- 
ings has noticed that considerable differ- 
ences exist within relatively short distances 
due to local radiation effects from the earth 

incident energy from the sun, topo- 
graphic features, geologic formations, and 
other causes. -The first problem, therefore, 
has been one of making an accurate physical 
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determination of the average air density of 
the entire air mass or vertical column of air 
over the survey area. 

Because changes in air temperature and 
humidity, individually and collectively, are 
reflected as changes in air density, and be- 
cause the average density affects the total 
weight of the entire vertical column of air 
above any given point, there is no reason 
why the altimeter itself cannot be used to 
determine the air density. To see this most 
clearly, all we have to do is to transpose the 
terms in equation (1 
that: 


above and observe 


Air density 
correction 
factor 
Known difference in elevation 


Difference in Altimeter readings. 


By using altimeters in the evaluation of 
the right side of the equation, we can de- 
termine the air density more easily and 
more accurately than by using thermom- 


eters and psychrometers to evaluate the 
left side. Those who are familiar with the 
two-base method of altimetry will immedi- 
ately recognize that this procedure is an in- 
herent part of the two-base method.’ 

To illustrate the procedure for determin- 
ing the air-density correction factor, con- 
sider two altimeters situated at base stations 
separated by a known vertical distance. 
(See figure 1.) The height is the difference 
in the known elevation of the upper base 
and that of the lower base. Let us assume 
the height to be 1,800 feet. If by some 
chance the altimeter readings at these bases 
differed by 1,800 feet, we would immediately 
deduce that the average air density was in 
accordance with the standard yardstick— 
namely, S. M. Table 51, to which the altim- 
eter was calibrated—with 50° F. air tem- 
perature and zero humidity, making the air- 
density correction factor unity. 





1 See “Altimetry—Its Present-Day Techniques,” 
by Lester E. Demler, SuRvEYING AND MappPlIne, 
July-September 1951. 
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It is more likely, however, that the differ- 
ence in altimeter readings will be greater or 
less than the vertical distance between the 
bases by some amount—for example, 70 feet 
less. The amount by which the difference in 
altimeter readings, 1,730 feet, differs from 
the known difference in elevation of the 
two bases, 1,800 feet, is an index of the 
amount by which the average air density o1 
weight of the intervening column has de- 
viated from unity or standard conditions. 
The ratio of the difference in the known 
elevations to the difference in the altimeter 
readings gives the air-density correction fac- 
tor to a higher order of accuracy than is 
generally attainable in any other manner. 
To apply this technique to the simple single- 
base method, it is merely necessary to have 
the roving field altimeter visit a point of 
known elevation, preferably above the high- 
est field station, about once an hour. The 
air-density correction factor thus obtained 
—using the above simple ratio—may be 
safely applied to all calculations of field- 
station altitudes visited within plus or minus 
¥, hour of the time of visit to the point of 
known elevation. Actual field-test results 
show an accuracy approaching that of the 
two-base method. 


VARIATIONS IN AIR DENSITY 

Another opportunity to enhance the ac- 
curacy of altimetry will be found if we in- 
vestigate the manner in which the density 
of a vertical column of air varies from a 
higher density near its base to a generally 
lower density at its upper extremity. The 
reason for this variation is simple. First, 
because air is compressible each successive 
layer or stratum is compressed by the weight 
of the total air column vertically above it. 
Second, there is a general decrease in air 
temperature with increasing altitude which, 
taken alone, tends to increase the air den- 
sity. Third, moisture content generally de- 
creases with increasing altitude, and if taken 
alone tends to increase the air density— 
water vapor being less dense than dry air. 
Taken collectively we have an overall de- 
crease in density with increasing altitude as 
shown in figure 1. However, because the 


bottom half of the vertical air column is 
heavier than the top half, it is known that 
the location of the layer of average density 
is somewhat nearer the lower base than the 
higher base. Next it is seen that, although 
we may use the foregoing suggested method 
of altimetry to determine the average air 
density with the best possible accuracy by 
taking simultaneous readings at two points 
of known elevation, all it does is to give an 
average. It does not show the manner in 
which air density varies from the bottom to 
the top of the vertical column. It is per- 
missible to overlook this disparity provided 
that the separation of vertical base stations 
is less than 500 feet. However, as altimetry 
is most useful in areas of high relief, the ac- 
curacy of the results can be improved if we 
look for a method which will adjust for the 
manner in which air density at any particu- 
lar level deviates from the average density 
of the entire column. 

The vertical line coincident with the 
value of 1.041 in figure 1 represents the 
average air density for the entire 1,800-foot 
air column as determined by altimeters at 
the upper and lower bases. Next, from 
meteorological tables which are available, 
the density per foot of air column can be 
plotted in the manner in which it has been 
found to vary in actual practice over the 
entire vertical distance between the base 
stations. Notice the manner in which it is 
inclined to our otherwise best effort, which 
represents only the average air density. Also 
notice that the intersection with the average 
air density line occurs at a point below the 
halfway point between upper and lower 
base. The adjustment factor to be applied 
to the average air density factor so as to 
make it conform to the actual decrease in 
air density with altitude is as follows: 


Pip * Prs 


BWcnietins 


Pret Pup 
2 


where: 
Pp =air density at lower base, 


Pup = air density at upper base, 
Prg=air density at field station, 
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A= adjustment factor to adjust average air- 
density correction factor to actual 
air-density distribution. 

The ratio is computed for each field station 
and the combined factor is applied to rov- 
ing altimeter readings as in the two-base 
method.’ 


THE TILT PLANE 

There is yet another factor affecting altim- 
etry accuracy which we may call error 
due to gradient or error due to the tilt of the 
plane of equal pressure from the horizontal, 
and which acts simultaneously with varia- 
tions in density of the vertical air column. 
This is illustrated by the fact that two altim- 
eters, reading identically when placed side 
by side at some point at sea level, will show 
a difference in reading when one is moved 
horizontally from the other, both remaining 
at sea level. The error of gradient can often 
amount to more than one foot per mile, but 
is of the order of only 4 the magnitude of 
the probable error due to variations in den- 
sity of the vertical column. It is proposed, 
at this point, to determine accurately the 
correction for horizontal pressure gradient 
and, separately, the correction for deviation 
in density of the vertical air column. 

First, it is necessary to determine the tilt of 
the plane of equal atmospheric pressure 
from the horizontal. Inasmuch as three 
points determine a plane, a minimum of 
three base stations are required for this pur- 
pose. The ideal set-up would be to have all 
bases at the same elevation, but horizontally 
displaced from each other in the shape of 
an equilateral triangle. When all base sta- 
tions are at the same elevation, the compu- 
tations of the tilt of the equal-pressure plane 
are simplified, as the influence of deviations 
in density of the vertical air column is elim- 
inated. For the purpose of illustration, 
let us assume that the area to be surveyed 
can be segregated as an island, and that 
three equidistant base stations, A, B, and C, 
are established around its shore line. (See 
figure 2.) If readings of three sensitive al- 





2A method of performing this computation 
will be furnished on request to Wallace and Tier- 
nan, Inc., Belleville, N. J. 
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timeters are compared at one of these base 
stations, they may be adjusted to read alike, 
or their separate readings may be noted, 
and the small amount by which they do not 
agree becomes the index correction. Next. 
two of the instruments are taken, one to 
each of the other base stations, and all three 
instruments are read simultaneously at their 
respective locations. The amount by which 
the readings of the three instruments differ, 
after applying the index corrections, is an 
indication of the magnitude and direction 
of tilt of the plane of equal pressure. If a 
system of X, Y, and Z coordinates is drawn 
through the base station, A, showing the 
lowest altimeter reading, with one axis 
through the second base station, B, we can 
analytically establish the difference in alti- 
meter readings as the Z coordinates for base 
stations B and C, as each is compared to the 
altimeter reading at station A. The X and 
Y coordinates for base stations B and C can 
be scaled from a planimetric map or from 
aerial photographs. Thus the plane of equal 
pressure as it may be tilted from the horizon- 
tal through points A, B, and C becomes estab- 
lished, and to this plane we may reference 
any field station where an altimeter obser- 
vation has been made simultaneously with 
those at the three base stations. The exact 
amount of horizontal tilt, Z,, for any field 
station, M, can be determined by inserting 
its X and Y coordinates and its altimeter 
reading into an analytical equation. The 
value of Z,, so determined becomes a cor- 
rection for tilt of the equal-pressure plane 
for field station M. 

Any method for the determination of den- 
sity of the vertical air column must either 
be independent of any tilt of the equal-pres- 
sure plane, or include a tilt correction 
for the amount by which the upper base 
may be horizontally displaced from a lower 
base. The ideal situation would be to have 
the upper base vertically above the lower 
base, such as at the top and bottom of a pre- 
cipitous cliff. The solution for air density is 
essentially that of the well known two-base 
method and it is therefore not repeated 
here. Naturally, as already shown, the com- 
putation should include adjustment for the 
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manner in which air density of the vertical 
air column varies with altitude, if a large 
vertical base separation is involved. 

Likewise, and as previously stated, any 
method for the determination of degree and 
direction of tilt of the equal-pressure plane 
must be independent of deviation in density 
of the vertical air column, or include a cor- 
rection for such air-density deviations in the 
computations. Therefore, the ideal situa- 
tion is to have three low bases all at the 
same elevation. 

When the two determinations are com- 
bined into one field set-up and the resultant 
multiple-base procedure is adapted to a 
typical area of topographical relief, the solu- 
tion becomes a little more complex. One 
analytical solution has already been pub- 
lished.* 





8See “Multiple-Base Altimetry,” by A. H. 
Mears and W. F. Haring, Photogrammetric En- 
gineering, December 1954. 
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SUMMARY 


This presentation has been purposely 
limited to an explanation of multiple-base 
altimetry in its elementary form in the belief 
that the factors which have limited accuracy 
in the past must first be fully understood. 
These limiting factors and means for their 
mitigation include: 


1. Inability to determine true average air 
density through the use of thermometers and 
psychrometers. It is recommended that the 
altimeter itself be used for this purpose under 
all field procedures. 


2. Determination of field-station elevations 
under the two-base method based solely upon 
the average air density, without adjustment for 
the manner in whick air density per foot of 
height varies over the entire vertical air column. 
The slight extra work of applying this additional 
air density distribution adjustment is recom- 
mended wherever the vertical base separation is 
over 500 feet. 
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3. Although the two-base method also cor- altimetry has become primarily the expense 
rects for deviation in density of the vertical air of man-hours of travel time. 
column from standard conditions, it does not 
separate and make correction for tilt of the 
equal-pressure plane from the horizontal. In 
order to extend the usefulness of altimetry into 


The most suit- 
able, fastest, and most economical convey- 
ance for travel from point to point over the 
survey area becomes a principal considera- 
areas of high relief and under atmospheric con- tion. 
ditions heretofore considered too adverse for 
altimetry, and above all to improve the accuracy 
of the results, it is recommended that multiple- % ‘ 1 
base altimetry be adopted. 


These improvements in altimetry tech- 
niques will dictate a corresponding re-evalu- 
ation of the economies thus made possible. 
The higher accuracies should make altim- 





etry applicable for all projects where its PARK AERIAL SURVEYS, INC. 
degree of precision cannot be obtained at 
less expense by other methods. The cost of Est. 1920 


AERIAL PHOTOGRAPHIC & TOPOGRAPHIC 
SURVEYS 


STANDIFORD FIELD LOUISVILLE, KY. 
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Members are requested to send in surveying and mapping news items for publication 
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CURRENT SURVEYING AND MAPPING LITERATURE 


MAGAZINE ARTICLES 


General Interest 


OUR NEWEST FRONTIER—THE OUTER 
CONTINENTAL SHELF. Sidney M. Groom, 
Jr. Our Public Lands, Vol. 5, No. 1, January 
1955. (A discussion of the operation by the 
Bureau of Land Management under the provis- 
ions of the Outer Continental Shelf Lands Act 
of 1953.) 


SCIENTIFIC PROGRAMME OF THE IN- 
TERNATIONAL GEOPHYSICAL YEAR 1957 
58. Prof. Sydney Chapman. Nature, Vol. 175, 
No. 4453, March 5, 1955. (Summary of the 
plans for this very auspicious scientific event.) 

ARMY TO USE 50 COPTERS FOR BUSH 
SURVEY. (News article.) Aviation Week, Vol. 
62, No. 18, May 2, 1955. (Account of aircraft 
use On topographic surveys projected in Alaska 
and Iceland during the 1955 season.) 


BOUNDARY PROBLEMS RAISED BY THE 
SUBMERGED LANDS ACT. A. L. Shalowitz, 
Columbia Law Review, Vol. 54, No. 7, November 
1954. (A comprehensive discussion of the prob- 
lems and solutions in the context of historical pre- 
cedents in the judicial, legislative, and executive 
fields. A limited number of reprints of this paper 
are available on request to the Director, U. S. 
Coast and Geodetic Survey, Washington 25, D. C 


Control Surveys 
NORTHERN ACTIVITIES OF THE GEO- 
DETIC SURVEY, 1954. The Arctic Circular, 
Vol. 7, No. 4, December 1954. (Brief report on 
the season’s work in the Canadian north.) 


CONTROL SURVEYS FOR THE RIMU- 
TAKA RAILWAY TUNNEL. D. R. Brenchley. 
The New Zealand Surveyor, Vol. 21, No. 3 
(whole No. 207), February 1955. (Describes 
survey work preliminary to construction of the 
longest railway tunnel in the British Common- 
wealth. ) 


VARIOUS DETERMINATIONS OVER A 
CENTURY OF THE HEIGHT OF MOUNT 
EVEREST. J. de Graaf-Hunter. The Geogra- 
phical Journal, Vol. 121, Part I, March 1955. 
(An account of the attack on the problem by 
various triangulators and astrolabe observers over 
a period of more than a century.) 


EARTH WORK VOLUMES—THE PRIS- 
MOIDAL CORRECTION. Peter N. Ray. 
Empire Survey Review, Vol. 13, No. 96, April 
1955. (Application of the “prismoidal correc- 
tion” in the calculation of earthwork volume by 
the “methods of end areas.’’) 


A COMPARISON OF THREE METHODS 
USED FOR CALCULATING THE LONGI- 
TUDE FROM A PAIR OF WELL BALANCED 
STARS. J. G. Freislich. Empire Survey Review, 
Vol. 13, No. 96, April 1955. 


THE ACCURACY OF ASTRONOMICAL 
OBSERVATIONS FOR POSITION. R. W. 
Pring. Empire Survey Review, Vol. 13, No. 96, 
April 1955. (Results obtained on a tour of 
Northern Nigeria to obtain latitudes and longi- 
tudes for air photo mapping control where trian- 
gilation was not available.) 

THE TRIANGULATION OF CULTIVA- 
TION OVERLOOKED BY HIGH GROUND. 
J. W. Wright. Empire Survey Review, Vol. 13, 
No. 96, April 1955. (Concluded from No. 95.) 


ADJUSTMENT OF A LEVEL NET BY 
SUCCESSIVE APPROXIMATIONS AND BY 
ELECTRICAL ANALOGY. Hsuan-Loh Su. 
Empire Survey Review, Vol. 13, No. 96, April 
1955. (Concluded from No. 95.) 


AN EXPERIMENT IN AERIAL TRIANGU- 
LATION. Lt.-Col. B. St. G. Irwin, R. E. The 
Photogrammetric Record, Vol. 1, No. 5, April 
1955. (Describes an experiment using a master 
block of medium-scale air photography to control 
a block of large-scale photography thereby effec- 
ting economy in the amount of ground control 
required. ) 
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Property Surveys 
SURVEYS SPUR SETTLEMENT. Earl G. 
Harrington. Our Public Lands, Vol. 5, No. 1, 
January 1955. (Brief discussion of the relation 
of cadastral surveys to the opening and settle- 
ment of the West.) 


CURVED -TO-CONTOUR DESIGN V. 
STRAIGHT-LINE DESIGN. T. McK. Runci- 
man. The New Zealand Surveyor, Vol. 21, No. 
3 (whole No. 207), February 1955. (Presents 
arguments favoring curved-to-contour street and 
property layouts in residential developments on 
grounds of economic advantage, attractiveness, 
and, above all, safety.) 


THE SURVEYOR AND LAND DEVELOP- 
MENT. Collin Allen. The New Zealand Sur- 
veyor, Vol. 21, No. 3 (whole No. 207), February 
1955. (Discusses the surveying and mapping 
steps necessary in developing new tracts of agri- 
cultural land.) 

TEMPERATURE MEASUREMENT AND 
SURFACE CHAINING FOR CADASTRAL 
PURPOSES. W. L. Dickson. Empire Survey 
Review, Vol. 13, No. 96, April 1955. (An ac- 
count of experiments made to solve a well-known 
surveying problem.) 


THEY'VE CORNERED THE COUNTRY. 
Harry Kursh. Our Public Lands, Vol. 5, No. 2, 
April-June 1955. (Brief article, reprinted from 
Steelways, American Iron and Steel Institute, 
describing progress over more than a century in 
establishing permanent corner markers.) 


Cartography 


MEDIEVAL LAND SURVEYING AND 
TOPOGRAPHICAL MAPS. Derek J. Price. 
The Geographical Journal, Vol. 121, Part I, 
March 1955. (A historical investigation to de- 
termine what instruments and techniques for sur- 
veying and mapping were in use before 1500. 


HISTORICAL MAPS AS AN AID TO RE- 
SEARCH. Prof. C. Hoeman, Technical Univer- 
sity, Delft, Holland. (Letter to the editor.) 
South African Journal of Science, Vol. 51, No. 
9, April 1955. (Describes his visit to South 
Africa where he informed scholars of his research 
in Holland in the field of South African carto- 
graphy and history and of his discovery of ex- 
tensive collections of maps and map manuscripts 
hitherto unknown to the South Africans.) 


AITOFF AND HAMMER: AN ATTEMPT 
AT CLARIFICATION. John B. Leighly. The 
Geographical Review, Vol. 45, No. 2, April 1955. 
(An analysis of the contributions of each of the 


BOOKS AND 


THE FIELD STUDY OF PLACE—A PRAC- 
TICAL GUIDE. A. J. Wraight. University 
Press of Washington, D. C., 1954. 98 pages, 17 
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cartographers for the purpose of separating the 
two names, crediting each with a different pro- 
jection. ) 


ROYAL NAVY KEEPS SEA CHARTS UP- 
TO-DATE. A. Cecil Hampshire. United States 
Naval Institute Proceedings, Vol. 81, No. 5, May 
1955. (Brief account of the current operations 
of the Hydrographic Department of the British 
Admiralty. ) 


AERIAL PHOTOMAPPING AS APPLIED 
TO PUBLIC WORKS. Bernard J. Colner. 
Public Works, June 1955. (Describes the need 
and use of photogrammetry in different phases 
of the public works field. ) 


Instruments 

THE “KUIPERS” LIGHT SPOT PROJEC- 
TOR. G. Kuipers with an introduction by B. 
Scherpbier. Photogrammetria, Vol. 11, 1954 
1955, No. 2. (Describes an instrument for the 
compilation of maps from aerial photographs 
taken with a wide-angle lens, in vertical or oblique 
direction. ) 

THOMPSON -WATTS PLOTTING MaA- 
CHINE. Prof. E. H. Thompson. The Photo- 
grammetric Record, Vol. 1, No. 3, April 1954. 
(Description of new precision plotting machine 

A NEW PLOTTING MACHINE FOR AIR 
PHOTOGRAPHS. J. E. Odle. The Photogram- 
metric Record, Vol. 1, No. 3, April 1954. (De- 
scription of new Williamson multiplex plotter. 


PHOTOGRAPHY SPEEDS TRIANGULA- 
TION. (New Products Section.) Engineering 
News-Record, Vol. 154, No. 15, April 14, 1955. 
(Describes instrument on which readings are re- 
corded on film effecting a saving of time and ef- 
fort and relieving the observer of the necessity 
for continuous reading. ) 


Education 


MAP MAKING FILMS HELP TEACH 
CARTOGRAPHY. Bernard J. Colner. Public 
Works, February 1955. (Describes the different 
motion pictures available to help explain different 
aspects of the mapping field.) 

SURVEYING TECHNIQUES FOR NIGER- 
IAN UNIVERSITY STUDENTS. J. C. Pugh. 
Empire Survey Review, Vol. 13, No. 96, April 
1955. (Details of a course given at University 
College, Ibadan, Nigeria. ) 

WHAT’S WRONG WITH ENGINEERING 
EDUCATION. Herman L. Danforth. Civil 
Engineering, Vol. 25, No. 5, May 1955. (Criti- 
cal appraisal of the subject. ) 

PAMPHLETS 


illustrations, folded air photo and prototype topo- 
graphic map, stadia tables, index. Price $2.25. 
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SURVEYING AND MAPPING NEWS 


AERIAL PHOTOGRAPHY IN URBAN 
PLANNING AND _ RESEARCH. Melville 
Campbell Branch. Harvard University Press, 
Cambridge, 1948. 150 pp. (Harvard City Plan- 
ning Studies XIV.) 

CONSTRUCTION SURVEYING. U. S. De- 
partment of the Army, TM 5-233. Washington, 
1953, 205 pp. 


ADMINISTRATION REPORT OF THE 
SURVEYOR-GENERAL FOR 1953. Ceylon, 
Survey Department. Colombo, Government 
Press, 1953. 21 pp. 


INDIAN PRACTICAL CIVIL ENGINEERS’ 
HANDBOOK. P. N. Khanna, ed. Second re- 
vised and enlarged edition. New Delhi, Engi- 
neers’ Publishers & Advertisers, 1953. 


MAPPING AND SURVEYING OF AFRICA 
SOUTH OF THE SAHARA. Scientific Council 
for Africa South of the Sahara. London, 1954. 
(Bilingual report on specialist meeting on maps 
and surveys, held at Bukavu, Belgian Congo, 11th 
to 14th November 1953.) 


PLANE AND GEODETIC SURVEYING 
FOR ENGINEERS. David Clark. Vol. 1: 


DISTINCTIVE 


Georg Westerman Verlag, Braunschweig, Ger- 
many, published in 1953 a large, colorful, wall 
map showing vegetation regions of the world 
(Vegetationsgebiete der Erde). Prepared under 
the direction of Prof. Dr. O. Maull, the map 
shows some 30 generalized vegetation regions. 
It is at the scale of 1:18,000,000 and measures 
49 by 77 inches. 


Denoyer-Geppert Map Company of Chicago 
has introduced a new “Relief-Like” series of 
school wall maps with the recent publication of 
the map of Continental United States. Shading, 
as perfected by the Wenschow firm of Germany, 
has been skillfully combined with hypsometric 
tints to give a three-dimensional quality to topog- 
raphy. The map, which is at the scale of 1: 3,- 
000,000, was prepared under the editorial direc- 
tion of C. C. Colby. The measurements are 44 
by 64 inches. 

Foreign Map Catalog No. FM55, issued re- 
cently by Denoyer-Geppert Company, lists the 
above map as well as a number of other maps 
published in foreign countries. Requests for the 
catalog may be directed to the company at 5235 
Ravenswood Avenue, Chicago 40, Il. 


A Map of New England With Descriptive 
Notes was the June 1955 supplement to the 
National Geographic Magazine. The large (41 
by 38 inches) ten-color map includes 4,442 place 
names and 553 descriptive notes, largely histori- 
cal. The scale is 12 miles to the inch. A sepa- 
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Plane Surveying. Fourth edition, revised and 
enlarged. London, Constable and Co., Ltd. 
1954. 636 pp. 


COMMON MAP PROJECTIONS (GRATI- 
CULES): CHARACTERISTICS AND USES. 
C. E. Abelson. Sevenoaks, Kent, England, 1954. 
29 pp. (Published by the author and distributed 
by W. H. Smith and Son, Sevenoaks, Kent, Eng- 
land. ) 


DEFINITIONS OF SURVEYING, MAP- 
PING, AND RELATED TERMS. American 
Society of Civil Engineers, Surveying and Map- 
ping Division, New York, 1954, 202 pp. (Man- 
uals of Engineering Practice, No. 34.) 


THE INSTRUMENT DIRECTORY AND 
BUYERS’ GUIDE: AN AUXILIARY TO “IN- 
STRUMENT PRACTICE.” London, United 
Trade Press, Ltd., 1955. 208 pp. 


BE EXPERT WITH MAP AND COM- 
PASS: THE “ORIENTEERING” HAND- 
BOOK. Bjorn Kjellstrom. American Orien- 
teering Service, New York, 1955. 136 pp., illus- 
trations, maps. 


Lyman D. Lynn 


RECENT MAPS 


rate pamphlet indexing the place names and de- 
scriptive notes is available from the National Geo- 
graphic Society at 25 cents per copy. Additional 
copies of the map may be ordered for 50 cents 
(on paper) or one dollar (on cloth). 


The Oil and Gas Journal’s maps of United 
States and Canadian Natural-Gas Pipe-Line Sys- 
tems, and United States and Canadian Crude- 
Oil and Products Pipe-Line Systems are printed 
on opposite sides of a large map sheet copy- 
righted in 1955 by Petroleum Publishing Com- 
pany (E. C. Jacobson) of Tulsa, Okla. 

The maps measure approximately 40 by 56 
inches and are at the scale of 1:3,350,000. Nat- 
ural Gas, Principal Products, and Crude-Oil 
Pipe-Line Systems are listed at the bottom of the 
sheet. 


The U. S. Geological Survey has published re- 
cently, with the cooperation of State agencies, 
new geologic maps of Oklahoma and Wyoming. 
Both are at the scale of 1: 500,000. Collabo- 
rating in the compilation of the former were the 
Oklahoma Geological Survey, oil companies and 
independent geologists of Oklahoma, geology de- 
partments of the several universities and colleges 
in the State, and the U. S. Soil Conservation 
Service and Bureau of Reclamation. 

The Oklahoma map, which measures approxi- 
mately 36 by 69 inches, shows formations ranging 
in age from Cambrian to Quaternary. Valuable 
features of the map are a list of sources used in 
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its compilation and a “Key Map of Oklahoma 
Showing Principal Sources of Geologic Maps.” 

The Geologic Map of Wyoming was prepared 
with the cooperation of the Geological Survey 
of Wyoming and the Department of Geology, 
University of Wyoming. The geology shown was 
compiled from more than 200 detailed and re- 
connaissance maps. As on the Oklahoma map, 
sources of material used are shown on a small 
inset map. The Wyoming map measures 50 by 
72 inches and shows 142 geologic units, each 
identified by a pattern that is printed in one of 
17 different colors, chosen to represent major 
divisions of geologic time. 


The Hotchkiss Mapping Company, of Denver, 
Colo., copyrighted in 1954 a New Mexico Oil 
and Gas Map. In addition to administrative 
and cultural information, the map shows oil and 
gas fields, dry or abandoned wells, gas and oil 
pipelines, anticlinal and “concealed anticlinal” 
axes, and outcrops of pre-Cambrian and volcanic 
rocks. A small inset map outlines major struc- 
tural basins of the State. Location, production, 
and depth data on pools are listed in a table on 
the map sheet. The scale of the map is 1:1,000,- 
000 and the size approximately 20 by 31 inches. 


The quest for uranium has created a demand 
for maps which will guide the prospector. A re- 
cent response to this demand is the Geologic and 
Uranium Claim Map of the Lisbon Valley—Big 
Indian Mining District in San Juan County, 
Utah. It was copyrighted in 1955 by Western 
States Map Co., Salt Lake City, Utah. The 
map shows limits of claims, as well as major 
geologic formations, faults, strike and dip of beds, 
mines, and ore bodies or mineralized zones. The 
scale is 1:50,000 and the size 21 by 30 inches. 


Bell Mapping and Engineering Company, 
Grand Junction, Colo., copyrighted early in 1955 
a Uranium Prospecting Map [of] Dolores, San 
Juan, Montezuma @& La Plata Counties, Colo- 
rado. The map, reproduced as a blue-line print, 
shows producing uranium mines, and outlines the 
extent of the Morrison (most important uranium 
producer), Entrada Sandstone (important vana- 
dium producer, minor uranium), and Upper 
Triassic rock formations. The map sheet meas- 
ures 38 by 46 inches and the scale is approxi- 
mately 1:125,0U0. 


Canada—1967 looks ahead some 12 years when 
Canada will celebrate its one hundredth anniver- 
sary. The colorful pictorial map, by William 
Parlane, pictures “100 important new resources 
that will help make Canada’s 100th birthday a 
bright and prosperous one.” A table gives popu- 
lation, resource production and trade statistics 
for 1867, and estimated figures for 1954 and 
1967. The map was published by Canadian 
General Electric Company and reproduced by 
Rolph-Clark-Stone Ltd. of Toronto. It meas- 
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ures 20 by 28 inches. The scale is “as big as 
your horizon.” 


The British Ministry of Housing and Local 
Government has recently issued two maps which 
are of cartographic, statistic and economic inter- 
est. Population of Urban Areas 1951, published 
in 1954 shows numbers of persons in urban areas 
by means of proportional circles. ‘The area of 
each circle is proportional to the population of 
the Administrative Area, except that circles of 
minimum size, corresponding to populations of 
1,000, also represent the populations of four 
towns under 1,000.” 

The second map, dated 1955, shows Local Ac- 
cessibility, The Hinterlands of Towns and Other 
Centres as Determined by an Analysis of Bus 
Services. Orange circles identify population 
centers, and a green outer circle indicates the 
extent of the hinterland. Both maps were printed 
by the Ordnance Survey on the O. S. standard 
two-sheet, 1:625,000 base map. Only the south 
sheet of the Population map has been received. 

British European Airways, in association with 
five related airlines, has issued a colorful pictorial 
map of Europe entitled BEA International Air 
Routes. Sketches on the face of the map illus- 
trate native costumes, distinctive activities, eco- 
nomic products, and scenic attractions in the 
several countries. Cartography is by “Hawes,” 
with lithography and printing by George Philip 
& Son. The map is 34 by 44 inches with a scale 
of 1:6,000,000. 


The high-tension electrical network of Belgium 
is shown on a map published in 1954 by the In- 
stitut Géographique Militaire, Brussels. It is en- 
titled Belgique Reseaux Electriques a Haute Ten- 
sion. The map measures approximately 26 by 
30 inches and is at the scale of 1:400,000. 


Erhvervsgeografisk Kort over Danmark pre- 
sents economic and resource data of Denmark, 
the Faeroe Islands, and Greenland. It was com- 
piled in the Universitetets geografiske Labora- 
torium and published in 1953 by the Geodaetisk 
Institut Kébenhavn). 

The map is at the scale of 1:300,000 and is 
printed on two sheets each measuring approxi- 
mately 30 by 44 inches. When mounted and 
joined they form a large wall map suitable for 
classroom use. 


Die Industrie der Bundesrepublik shows the 
distribution of various workers, by major indus- 
try groups, in western Germany. It was com- 
piled by Statistischen Bundesamt and published 
by Bundesanstalt fiir Landeskunde. The map, 
which measures 36 by 26 inches, is at the scale 
of 1: 1,000,000. 


A Communication Map of Egypt has been pre- 
pared and published, in 1955, by the Cairo 
Drafting Office, and printed by Institut Graphi- 
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que Egyptien. At the scale of 1:1,000,000, the 
map shows internal administrative boundaries, 
cities and towns, airports, two classes of railways, 
three classes of roads and rivers, canals and 
drains. There is an inset map of Egypt @ Sudan 
at the scale of 1:7,161,000. The full map sheet 
measures 37 by 26 inches. 


République Populaire de Chine is the title of 
a map of the Peoples Republic of China published 
in 1954 by Paris-Pekia, Paris, France. It shows 
generalized relief by gradient tints, administrative 
boundaries, railroads, and major mineral deposits. 
Brief descriptive data and geographical facts are 
printed on the right and left margins of the map 
The scale is approximately 1: 12,000,000 and the 
sheet size 19 by 24 inches. 


The political importance of Taiwan (Formosa 
gives especial interest to the Geologic Map of 
Taiwan published in 1953 by Geological Survey 
of Taiwan. It was prepared by Li-Sho Chang 
under the direction of Biq Chingchang. Title 
and legend are in Chinese and English. 

The map is printed on two sheets each meas- 
uring approximately 29 by 39% inches. The 
scale is 1:300,000. On a contoured base map, 
colors and symbols identify some 25 formations 
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ranging from “Age Unknown” and late Paleozoic 
to Recent gravel, sands, and clays. Formations 
in general have a northeast-southwest alignment, 
parallel to the axis of the island. 


The Northern Territory of Australia is shown 
in shaded relief on a map compiled and drawn 
by the National Mapping Office and Published at 
Canberra in 1953 by the [Australian] Department 
of the Interior. Two classes of highways, rail- 
way lines, territorial and state boundaries, home- 
steads, and spot elevations are also shown. The 
map, which is at the scale of 1:2,000,000, meas- 
ures 36 by 24 inches. 


A road map of Tasmania showing generalized 
relief by hypsometric gradients, was published 
in 1952 by the Mapping Branch, Lands and Sur- 
veys Department, Hobart [Tasmania]. The scale 
is ten miles to one inch and the size 25% by 
20% inches. In addition to topography and 
several classes of roads, the map shows railways, 
tracks (ie. trails), aerodromes, elevation of 
major peaks, and municipal boundaries. High- 
way mileages between the major cities are given 
in a table. 

—Wa .tTER W. Ristow 
Library of Congress 





Ownership of a Warren- Knight surveying in- 

strument is a prized possession to the highly 
skilled engineer. These superb instruments are 
held in special esteem because of their precise 
accuracy and rugged durability. 














Extra fine coated lenses—flat—brilliant—give 
clear observation, and disappearing stadia elimi- 
nates error. 


Most authorities agree that the new Warren- 
Knight 7cF (with 29 additional advantages) is 
the ultimate in precision workmanship. 


If you don’t have the latest information about 
Warren-Knight instruments, ask for Free Cata- 
log SM-59. 
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Books in Review 


GEOGRAPHY OF THE NORTH- 
LANDS. Edited by George H. T. Kimble 
and Dorothy Good. Articles written by a 
group of fifteen Arctic specialists. Special 
Publication No. 32 of the American Geo- 
graphical Society of New York. Published 
in cooperation with John Wiley & Sons, Inc., 
New York, 1955. 534 pages, including 
index. Map of the Northlands tipped into 
back cover. $10.50. 


In the late 1920’s Dr. Isaiah Brown, then Di- 
rector of the American Geographical Society, 
inaugurated a series of research studies of the 
polar regions. These studies Dr. Bowman 
rightfully concluded should be based on scien- 
tific research and should be in the nature of an 
appraisal and description of the physical and 
cultural landscapes that comprise these regions, 
by authorities in the field. Significant among 
the contributions that were forthcoming on this 
subject and area by the Society were two basic 
publications: (1) Problems of Polar Research; 
A Series of Papers by Thirty-One Authors, 
Special Publication No. 7, edited by W. L. G. 
Joerg and published in 1928; and (2) The 
Geography of the Polar Regions, Consisting of 
a General Characterization of Polar Nature by 
Otto Nordenskjold, and A Regional Geography 
of the Artic and Antarctic by Ludwig Mecking, 
Special Publication No. 8, translated and 
edited by W. L. G. Joerg and Marion Hale and 
published in 1928. These represented mile- 
stones in the diffusion of knoweldge about the 
polar regions and went far, not only in present- 
ing an up-to-date, factual, readable, scientific 
discussion of these regions, but in serving to 
establish the American Geographical Society, 
and especially W. L. G. Joerg, as among the 
leading American authorities in this field. 
These and other related publications of the 
Society serve as a kind of datum from which 
subsequent similar publications should be meas- 
ured. 

It is indeed fitting that some twenty-five 
years later the American Geographical Society 
should reappraise the gedgraphy of the North- 
lands and once again assemble a corps of 
specialists to undertake the by no means easy 
task of preparing a publication of the same 
quality and scope ‘as Special Publication No. 7, 
for during and since World War II the Arctic 
and sub-Arctic have gained an importance per- 
haps even greater than that forecast by its 


exponents of the late 1920's. Man’s phenome- 
nally rapid strides in science and technology 
and his ability to penertate seemingly at will 
and according to plan the remotest and least 
hospitable of regions, have given him virtual 
command of the Northlands. How he has ac- 
complished this and the change that he has 
wrought are exciting chapters in modern his- 
tory. Indeed, Geography of the Northlands in 
telling the story goes far toward bringing us up 
to date. 

It is perhaps fitting that most of the authors 
of this cooperative enterprise are Canadians 
and subject specialists in things polar for, with 
a wide window onto the Northlands and an 
accelerated program of scientific investigation 
of that region, especially under the auspices of 
the government and McGill University, they 
have become singularly proficient in this field 
of endeavor. Most of the authors have pub- 
lished widely in the field of their specialty and 
in this have had the assistance of the Arctic 
Institute of North America, whose ten years 
of active participation in Arctic research is at 
least in part reflected in this publication. 

This book is divided into two principal 
parts: (1) Systematic Studies (of which there 
are twelve), pages 11-291; and (2) Regional 
Studies (of which there are fourteen), pages 
292-486. 

Part I includes systematic studies in the 
fields of physiography, weather and climate, 
water masses and circulation, ice cover, bioge- 
ography, marine life, aboriginal and immigrant 
populations, transportation, renewable and non- 
renewable resources, and the political and 
strategic aspects. Each of these chapters pre- 
sents a nicely compacted source of generalized 
though factually correct scientific information 
as it is generally accepted by most authorities 
today. The authors are aware of the fact that 
there are many gaps in and questions as to ac- 
curacy of a good deal of our present-day 
knowledge of the Northlands. Accordingly, the 
reader finds qualifying phrases and sentences 
such as “according to these criteria,’ “other 
definitions may be found,” “it is generally 
recognized,” and “for the purpose of this study,” 
that flag portions of the information that are 
not uniformly acceptable. This is to the credit 
of the authors and is evidence of objective 
presentation. This part of the book is com- 
mendable for the wealth of information and 
the fresh up-to-date approach that has been 
taken in its presentation. 
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BOOKS IN REVIEW 


Part II is a regional geography of the 
Northlands. Each region apparently is not 
treated in accordance with the same plan of 
presentation. It appears that generally each 
of these chapters includes a descriptive defini- 
tion of the area encompassed within each region 
ie. Alaska, Greenland, Canadian Arctic 
Archipelago, and Iceland), a description of the 
physical landscape, and a description of the 
cultural landscape. This is a rather large order 
and, because of the considerable development 
of the cultural landscape during the past 
twenty-five or thirty years, cannot be adequately 
portrayed in so few pages. For example, only 
fourteen pages (pages 372-385) are given to 
Greenland, and twenty-two pages (pages 293- 
313) are given to Alaska. It is even more 
striking that only sixty-six pages (pages 433- 
498) are given to the U.S.S.R. whose extensive 
land and water area in the Northlands, its con- 
siderable population, and extensive activities 
and development in these regions should war- 
rant a much greater discussion. These regional 
descriptions are, however, very helpful to the 
reader in search of good, general, thumbnail 
sketches. To this reviewer, however, they do 
not quite measure up to the standards required 
as companion studies to those of Part I. The 
editors were aware of this possibility, for in 
their preface they note that “. . . we will readily 
concede that a good deal of the ‘common 
ground’ has been tripped over rather lightly, to 
the discomfiture, we suspect, of our long- 
suffering collaborators . . .,” and that their 
“assignment has necessitated the use of a large 
brush” (page vii 

This reviewer feels rather strongly that in a 
general study such as this there is perhaps seri- 
ous need of acquainting the reader with a few 
of the basic, detailed, readily available, com- 
prehensive sources, such as, for example, the 
monumental five-volume Arctic Bibliography 

33,125 entries) prepared under the direction 
of the Arctic Institute of America and edited 
by Marie Tremaine. Such a reference might 
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well have been noted in the introduction and 
in the “Selected References” at the end of most 
chapters. This is a startling and serious omis- 
sion. Also, the nearly total lack of footnotes 
and similar documentation, especially covering 
significant statements of fact and statistical and 
similar data, tends to detract from what gen- 
erally appears to be an outstanding contribu- 
tion to our knowledge of the Northlands. No 
mention is made in the introduction or the list 
of references, where one would expect it, of the 
two predecessor special publications (Nos. 7 
and 8) of the American Geographical Society, 
noted above. 

A few errors in spelling have crept into the 
otherwise well-written publication. For ex- 
ample, on page 316 “sedimentary” is spelled 
“sedementary.” This reviewer is amazed that 
certain words such as year (yr.), mile (mi.), 
feet (ft.), square mile (sq. mi.), month (mo.), 
and square kilometer (sq. km.) are used in the 
abbreviated form throughout the text, yet words 
such as barrels and board feet are not abbre- 
viated. Also, the authors have not standardized 
measures. For example they use kilometer and 
miles indiscriminately, which makes for diffi- 
culties to the average reader. It would have 
been better to have converted all to one sys- 
tem. Another example of inc»ngruity is on 
page 221 where the forests of Alaska are given 
in millions of acres and on the same page the 
forests of Canada are given in square miles. 

This volume is well illustrated with neatly- 
and clearly-drawn maps, useful descriptive 
photographs, and clear graphs and diagrams. 
The cartographer especially is to be com- 
mended for his craftsmanship. 

This publication is heartily recommended as 
one of the best recent contributions to the 
geography of the Arctic and sub-Arctic and 
should be among the selected publications on 
the shelf of every library. 


Herman R. Frus 
The National Archives 


1955 ACSM-ASP CONSECUTIVE MEETINGS AND CO-EXHIBIT 


March 19-24, 1956, Washington, D. C. 











MAP INFORMATION 
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This department was inaugurated for the purpose of bringing to the attention of the mem- 
bers information pertaining to the availability of maps, surveys, etc., with particular emphasis 
on how such material can be procured. It is believed that through an interchange and dissemi- 
nation of such information maximum benefits will accrue to the surveying and mapping profes- 


sion. —EpirTor 


U. S. Geological Survey Topographic Maps 


HE FOLLOWING quadrangle maps were published by the U. S. Geological Sur- 

vey between March 1 and May 31, 1955. The list includes newly compiled maps; 
revised maps on which contours and drainage usually are unchanged but the works of man 
are brought up to date; and series-converted maps which are 15-minute maps produced 
from four 72-minute maps of the same area. The maps are new unless otherwise desig- 
nated by numerical superscript. 

The quadrangle name (in capital letters) is followed by the name of the county (in 
upper- and lower-case letters) that contains the place or feature for which the quad- 
rangle is named. 

All maps are available with or without the green overprint that indicates woodland. 
These maps show the shape and elevation of the land surface (represented by contour 
lines, printed in brown) ; water features (in blue) ; works of man, including cities, towns, 
scattered habitations, schools, churches, railroads, roads, and boundaries, and place and 
feature names (in black); and woodland areas (in green). Principal roads are shown 
by a red overprint. In areas that have been covered by Bureau of Land Management 
surveys, township and section lines are shown. The State rectangular coordinate sys- 
tems are indicated in the margins of the maps. An information folder further describing 
topographic maps is available on request. 

Standard quadrangle maps may be obtained for 20 cents per copy. A discount of 
20 percent is allowed on orders amounting to $10 or more at the retail price. Orders 
should be addressed to the U. S. Geological Survey, Washington 25, D. C., (or Denver 
15, Colo., for maps of areas west of the Mississippi River.) 


ilaska HAGEMEISTER ISLAND (D-1)* LIVENGOOD (B-2)*—Fourth Ju- 
—Third Judicial Division dicial Division 

AFOGNAK (A-O and B-O)*— HAGEMEISTER ISLAND (D-2)* LIVENGOOD (B-4)*—Fourth Ju- 
Third Judicial Division —Third Judicial Division icial Division 


APFOGNAK (A-5)*—Third Judi KETCHIKAN (B-5)*—First Ju- LIVENGOOD (C-1)*—Fourth Ju- 
cial Division dicial Division i ivisi 
AFOGNAK (B-4)*—Third Judi KETCHIKAN (B-6)*—First Ju- 






cial Division dicial Division 1 Division 
HAGEMEISTER ISLAND (C-2)* KETCHIKAN (D-5)*—First Ju- 100D (C-3)*—Fourth Ju- 
—Third Judicial Division dicial Division 1 Division 
HAGEMEISTER ISLAND (C-3)* KETCHIKAN (D-6)*—-First Ju- ‘GOOD (D-2)*—Fourth Ju- 
—Third Judicial Division dicial Division 1 Division 
HAGEMEISTER ISLAND (C-4)* LIVENGOOD (A-2)*—Fourth Ju ‘GOOD (D-4)*—Fourth Ju- 
—Third Judicial Division dicial Division dicial Division : 
HAGEMEISTER ISLAND (C-5)* LIVENGOOD (A-3)*—Fourth Ju NUSHAGAK BAY (B-3)*—Third 
—tThird Judicial Division dicial Division Judicial Division 
HAGEMEISTER ISLAND (C-6)* LIVENGOOD (A-4)*—Fourth Ju- NUSHAGAK BAY (B-4)*—Third 
—Third Judicial Division dicial Division Judicial Division : 
HAGEMEISTER ISLAND (C-7)* LIVENGOOD (B-1)*—Fourth Ju- NUSHAGAK BAY (C-3)*—Third 
Third Judicial Division dicial Division Judicial Division 


* Indicates 15-minute quadrangle; all others are 7'/2-minute quadrangles. 
1 Indicates a revised map. 2 Indicates a series-converted map. 
+ Indicates availability in either a contour or a shaded-relief edition. 
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MAP INFORMATION 


NUSHAGAK BAY (C-4 and C-5)* 
—Third Judicial Division 

NUSHAGAK BAY (D-4)*—Third 
Judicial Division 

SELDOVIA (A-3)*—Third Judi- 
cial Division 

SELDOVIA ( ‘A- 4)*—Third Judi- 
cial Division 

SELDOVIA (A-5)*—Third Judi- 
cial Division 

SELDOVIA “ A-6)*—Third Judi- 
cial Divisio 

SELDOVIA (B- 3)*—Third Judi- 
cial Division 

SELDOVIA (B-4)*—Third Judi- 
cial Division 

SELDOVIA (B-5)*—Third Judi- 
cial Division 

SELDOVIA (C-1)*—Third Judi- 
cial Division 

SELDOVIA (C-2)*—Third Judi- 
cial Division 

SELDOVIA (D-1)*—Third Judi- 
cial Division 

SELDOVIA (D-2)*—Third Judi- 
cial Division 

SELDOVIA (D-3)*—Third Judi- 
cial Division 

SITKA (A-4)*—First 
Division 

VALDEZ (A-3) 
Division 

VALDEZ (A-4)*—Third Judicial 
Division 

ig oo (A-5)*—Third Judicial 


ion 
VALDEZ 
Division 


Judicial 


*—Third Judicial 





(C-4)*—Third Judicial 


ilabama 
CHICKASAW1—Mobile 
HOLLINGERS ISLAND'—Mobile 
SILVERHILL’—Baldwin 
STAPLETON—RBaldwin 
THEODORE'"—Mobile 

ilabama-Georgia 
ELLERSLIE**—Harris 
LUMPKIN *2—Stewart 
SEALE*2*— Russell 

irizona 
JACOB LAKE*'—Coconino 





irkansas-Mississippi-Tennessee 
HORSESHOE LAKE*'—Crit- 
tenden 
California 
ALBERHILL—Riverside 
ANTIOCH NORTH—Contra Costa 
BETHAN Y—Alameda 
BRAWLEY*—Imperial 
BRECKENRIDGE MOUNTAIN* 
—Kern 
BUNKER HILL—Placer 
CLOVIS*2—Fresno 
COOPERSTOWN Stanislaus 
DENAIR'*—Stanislaus 
DOUBLE POINT—Marin 
DUBLIN—Alameda 
ELMIRA—Solano 
FARMINGTON*—San Joaquin 
i—San Joaquin 
K—Fresno 
KELLE R PEAK—San Bernardino 
LA JOLLA™—San Diego 
LA MESA—San Diego 
LINCOLN'—Placer 
LOS GATOS—Santa Clara 
MILPITAS—Santa Clara 
MONTPELIER Stanislaus 
MOUNTAIN VIEW—Santa Clara 
MT. MORRISON—Mono 
NI.FPY—Almeda 
PANTHER SPRING*—Tehama 
PARADISE*—Butte 
PATTERSON MOUNTAIN*— 
Fresno 
PAULSEL ae 
POND—Ker 
RIV ERSIDE. EAST—Riverside 














ROSEVILLE—Placer 
ROYAL GORGE—Placer 
SADDLE MOUNTAIN*2—El 
Dorado 
STEELE PEAK—Riverside 
TEHIPITE DOME—Fresno 
TURLOCK LAKE'—Stanislaus 
WENTWORTH SPRINGS—El 
Dorado 
WILDOMAR—Riverside 
ZAMORA—Yolo 
Colorado 
BLACK FOREST—El Paso 
CHE a VALLEY SCHOOL— 
Douglas 
COOPER MOUNTAIN—Fremont 
EASTONVILLE—El Paso 
ELLICOTT—El Paso 
GREENLAND—Douglas 
HAEGLER RANCH—El Paso 
HANOVER—ElI Paso 
HANOVER NW—El Paso 
LARKSPU R—Douglas 
LITTLE CONE—San Miguel 
MON't'MENT—El Paso 
MOUNT DECEPTION—Teller 
PHANTOM CANYON—Fremont 





Connecticut 
BROAD BROOK—Tolland 
ELLINGTON'—Tolland 
FITCHVILLE*—New London 
HAMPTON!—Windham 
JEWETT CITY'*—New London 
LONG HIL L-——Fairfield 
NEWTON i 





=N ~Tolland 
STAFFORD SP RINGS'—Tolland 
Connecticut-Rhode Island 
ASHAWAY! 
Florida 
THLO—Orange 
ILDS—Highlands 


-Washington 


I" 
‘H 


A VENPORT—Polk 

ELLSMERE 4 SE—Indian River 
1ENEV A—Seminole 

DIAN TOWN NW—Martin 
DIAN TOWN SE—Martin 
TERCESSION CITY—Osceola 
JESSAMINE—Orange 

'T- ae vard 

r NW—Orange 
N E— yrange 
NW —Orange 

1 NE—Orange 
DO—Or: inge 

TITUSVILLE SW—Brevard 
WINDERMERE—Orange 


B 
( 
D: 
F 


IN 
IN 
IN 








Georgia 
BUENA VISTA** 
TALBOTTON*? 

Idaho 


CLOVERDALE—Ada 
MANN CREEK*—Washington 
MERIDIAN— Adi 1 


Illinois 


ARLINGTON HEIGHTS*—Cook 
BEECHER WEST—Will 
CHANNAHON—Wil! 

COAL CITY—Grundy 
ELMHURST"—Du Page 
ELWOOD—Will 
FRANKFORT—Will 
HIGHLAND PARK?! 
LISBON—Kendall 
LOMBARD—Du Page 
MINOOKA—Grundy 
MOKENA —Cook 
MORRIS—Grundy 
NAPERVILLE—Du Page 
NORMANTOWN—Will 
PALATINE—Cook 
PALOS PARK*—Cook 


-Marion 
Talbot 


Lake 





PEOTONE—Wiill 
PLAINFIELD—Will 
PLATTVILLE—K 
ROMEOVILLE 
STEGER—Cook 
SYMERTON—Will 
TINLEY PARK*—Cook 
WHEATON—Du Page 
WHEELING'"—Cook 
WILMINGTON—Will 











YORKVILLE—Kendall 
YORKVILLE SE—Kendall 


Illinois-Indiana 
DYER—Lake 


Indiana 
CHESTERTON—Porter 
CROWN POINT—Lake 
DANVILLE orter 
DUNE ACRES—Porter 
GARYTON—Porter 
GUILFORD"—Dearborn 
HEBRON—Porter 
HIGHLAND—Lake 
KOUTS—Porter 
LOWELL—Lake 
MICHIGAN CITY WEST—La 

Porte 
NOBLESVILLE—Hamilton 
OGDEN DUNES—Porter 
PALMER—Lake 
PLAIN FIELD—Hendricks 
RIVERWOOD—Hamilton 
ST. JOHN—Lake 
VALPARAISO—Porter 





Indiana-Kentucky 


ABERDAEN' -Ohio 
BETHLEHEM—Clark 





Kansas 
LAKE McBRIDE—Scott 


Kentucky 















ALEXANDRIA—Campbell 
Al IN—Barren 
BERRY—Harrison 
BOLTSFORK—Boyd 
BOONEVILLE- Owsley 
BRECKINRIDGE—HAarrison 
BURKESVILLE—Cumberland 
BUTLER—Pendleton 
CREELSB “les Russell 
CUB RUN—Ha 

DE MOSSVILL E -Pendleton 
DUBRE—Cumberland 
DUNNVILLE—Casey 

EAST FORK— Metcalf 


FAIRFIELD—Nelson 
FALMOUTH—Pendleton 
GOFORTH—Pendleton 
ENVILLE—Larue 
‘OW N—Russell 
KELAT—Harrison 
KIRKM ANSVILLE—Todd 
LEIGHTON—EFstill 
LOAD—Greenup 
MAULDEN—Jackson 
MAZIE—Lawrence 
MIDWA Y—Woodford 
MILL SPRING—Wayne 
MISTLETOE—Owsley 
MONTICELLO—Wayne 
PARIS WEST—Bourbon 
PARNELL—wWayne 
PELLVILLE—Hancock 
POLSGROVE—Franklin 
RAYWICK—Marion 
RUSH—Boyd 
SPURLINGTON—Taylor 
STAMPING GROUND—Scott 
TYNER—Jackson 
TYRONE—Anderson 
WEBBVILLE—Lawrence 
WHITESVILLE—Daviess 
WILLARD—Carter 
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Kentucky-Indiana 
CLOVERPORT—Breckenridge 
TELL CITY—Perry 

Kentucky-Ohio 
NEW RICHMOND—Clermont 

Kentucky-West Virginia 
FALLSBURG—Lawrence 
LOUISA—Lawrence 
WILLIAMSON—Mingo 


Louisiana 
BEL -* E ISLE* 
CHENIERE AU 
milion 
COMITE—East Baton Rouge 
FORDOCHE*'—Pointe Coupee 
JACKSON- st Feliciana 
JEANERETTE*—Iberia 
PECAN ISLAND*—Vermilion 
SCOTL Any eae —East Baton 
Roug 
WHIT i 


Louisiana- Mississippi 
BATCHELOR*'—Pointe Coupee 





Mary 
TIG RE*—Ver 









CASTLE—Iberville 


Maine 
ASHLAND*? Aroostook 
FORT FAIRFIELD NW— 

Aroostook 
TELOS LAKE* 

Varyland 
CATOCTIN FURNACE'— 
Frederick 
‘ENTREVILLE"—Queen Annes 
"INKSBURG'—Carroll 

LEN ‘ 


Piscataquis 


Kent 
EAST—Cecil 

SWAN POINT*—Kent 
WOODSBORO Frederick 





Varyland-Pennsylvania 
Weat Virginia 
CUMBERLAND?# 
Varyland-Delaware 
MILLINGTON*—Kent 
SUDLERSVILLE—Queen 
Vassachusetts 
BARRE 
GRAFTON 
MARLBORO Middlesex 
MILFORD Worcester 
PETERSHAM'—Worcester 
WARE Hampshire 
Vassachusetts-Connecticut 
WEBSTER Worcester 
Vassachusetts-Rhode Island 
UXBRIDGE—W orcester 


Mic hi gan 


Allegany 


Annes 


Worcester 
Worcester 


Wayne 
Chippewa 
F L E STCHER *_-Kalkaska 
GRAYLING**—Crawford 
MUNUSCONG—Chippewa 
MUNUSCONG NE—Chippewa 
PICKFORD—Chippewa 
PICKFORD NW—Chippewa 
RUDYARD—-Chippewa 


Minnesota 


ADOLPH—St. 
ALBORN—St. Louis 
ARNOLD—St. Louis 
BROOKSTON—St. Louis 
COHASSET EAST—lItasca 
COHASS WEST—Itasca 
CROOKSTON *—Polk 
DULUTH—St. Louis 


Louis 








DULUTH HEIGHTS—St. Louis 
FREDENBERG—St. Louis 
FRENCH RIVER—St. Louis 


GRAND RAPIDS—lItasca 


IVERSON—Carlton 
KNIFE RIVER—Lake 
MORGAN *—Redwood 
SAGINAW—St. Louis 
SISEEBAKWET LAKE—Itasca 
THOMPSON LAKE—St. Louis 
Vinnesota-South Dakota 
ORTONVILLE* sig Stone 
Minnesota-Wisconsin 
LAKEWOOD—St. Louis 
Mississippi 
McCARLEY*—Carroll 
OAKLAND*—Yalobusha 
Missouri 
SILEX*- 
Missouri-Ilinois 
CHARLESTON *—New 
Montana 
so MA WEST—Chouteau 
Pil A IT R¢ »>CK—Chouteau 


Chouteau 
Chouteau 











Lincoln 


Madrid 


Nebraska 
ASHBY*- 
Nevada 
SRISTOL RANGE 
‘ -Eureka 
s,EACH*—Clark 
‘TO SUMMIT*—Eureka 
I Lincoln 
‘E MOUNTAIN*—Elko 
‘E MOUNTAIN 4*—Elko 
evada-Arizona 
GOLD BUTTE*t— 
HOOVER DAM*—Mohave 
ICEBERG CANYON*—Clark 
VIRGIN BASIN*—Mohave 


Grant 


SE—Lincoln 


ba 





-Clark 





New Jersey 
ATLANTIC CITY—Atlantic 
FREEHOLD'—Monmouth 
HACK ~ hye IWN—Warren 
MARMORA—Cape May 
OCEANVILLE—Atlantic 
SEA ISLE CITY—Cape May 

New Mexico 
ALAMOGORDO?*- ooere 
—_—- DE L AGUA—Rio Arriba 
Aoki N Sees i Fe 
sE N AV IDE % RANCH- Bernalillo 
sERNALILLO NW—Sandoval 
SLACKTOP MOUNTAIN*- 

Socorro 
CANADA—Sandoval 
CANJILON—Rio Arriba 
CANJILON SE—Rio Arriba 
CAN 


bet be at» 


INC ITO SCHOOL— 


I 

‘NDIYO—S Santa Fe 

O AMPHITHEATER—Rio 
‘riba 

1GEWOOD. Santa Fe 

4 RITO—Rio Arriba 

10ST RANCH—Rio Arriba 
iLORIETA—Santa Fe 
ERRERA—BPernalillo 
JAROSA—Rio Arriba 

KAY 
LA 
LA 
LA 


El 
KI 
GI 
( 
H 
LOR MOUNTAIN*—Socorro 
GUNA PEAK—Rio Arriba 
MADERA—Rio Arriba 
MESITA NEGRA SE— 

Bernalillo 
MAGOTE PEAK—Rio Arriba 
McCLURE RESERVOIR— 

Santa Fe 
MESCALERO*—Otero 
MILBOURN RANCH—Torrance 
SALINAS PEAK*—Socorro 
SAN PEDRO—Sante Fe 
SANTA ANA PUEBLO—Sandoval 
SIERRA BLANCA PEAK*—Otero 
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SIERRA MOSCA—Sante Fe 
SKY VILI +E—Sandoval 
SKY VILLAGE SE—Sandoval 
SOU ITH ay L — 
Valencia 














Santa. Fe 
TRAMPAS—Taos 
TRUCHAS—Rio Arriba 
VOLCANO RANCH—Bernalillo 
YOUNGSVILLE—Rio Arriba 
New York 
ADDISON—Steuben 
ALCOVE—A|lbany 
AVERILL PARK—Rensselaer 
AVOCA—Steuben 
BARTON—Tioga 
BEAVER DAMS—Chemung 
BIG FLATS—Chemung 
BRADFORD —Steuben 
CORNING—Steuben 
EAST CHATHAM—Columbia 
INEVA SOUTH—Ontario 
HORSEHE \ DS—Chemung 
ITHACA WEST+—Tompkins 
LEEDS—Greene 
LYONS—Ontario 
NORTH WOLCOTT—Wayne 
RHEIMS—Steuben 
ROSE—Wayne 
SAVANNAH—Wayne 
SAVONA—Steuben 
SODUS POINT—Wayne 





WEST GTILGO BEACH'—Suffolk 
WINDSOR—Broome 

North Carolina 

ROWNS INET slow 


B 
BUFFALO CITY—Dare 
CHADBOURN*—Columbus 
ENGLEHARD NW—Hyde 
NEW RIVER INLET—Onslow 
OREGON INLET—Dare 
SPICER BAY—Onslow 
Ohio 
s,ATAVIA—Clermont 
s;U RTON—Geauga 
‘HAGRIN FALLS—Geauga 
= STERLAND—Geauga 
‘LEVELAND NORTH 
EASTLAKE—Lake 
GRAFTON—Lorain 
LAKEWOOD—Cuyahog: 
MADIERA—Hamilton 
MEDINA—Medina 
MENTOR—Lake 
NEWTONSVILLE—Clermont 
NORTHFIELD—Summit 
NORTH OLMSTED—Cuyahoga 
PENINSULA—Summit 
WEST RICHFIELD—Summit 
WILLIA MSBURG—Clermont 
Ohio-Indiana-Kentucky 
HOOV EN—Hamilton 
Ohio-Kentucky 
FELICITY—Clermont 
IRONTON—Lawrence 
WITHAMSVILLE—Clermont 
Ohio-Kentucky-West 
‘ATLETTSBURG—Boyd 
Oregon 
CLATSOP SLIT—Clatsop 


Virginia 


Pennsylvania 
BADEN—Beaver 
ANONSBURG—Washington 
sWORTH—Allegheny 
iLENSHAW—Allegheny 
[ACKETT—Washington 
MARS—Butler 
MERCERSBURG *2—Franklin 
NEW KE eon WEST— 

Westmoreland 
OAKDALE— Alleghe ny 
OXFORD—Chester 
PARKESBURG—Chester 
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Puerto Rico 
MANATI"—Manati 


Rhode Island 
HOPE VALLEY*—wWashington 


South Dakota 
BLACKHA W K—Meade 
BOXELDER—Pennington 
cAPUTA—Pennington 
CAPUTA NE—Pennington 
CAPUTA SW—Custer 
FOLSOM—Custer 
FORT MEADE—Meade 
FORT MEADE NE—Meade 
FORT MEADE SE—Meade 
HEREF’ ’ 
HERMOSA—Custer 
HERMOSA NE—Pennington 
HERMOSA NW—Pennington 
HERMOSA SE—Custer 
NEMO—Lawrence 
NEW UNDERWOOD— 

Pennington 
PIEDMONT—Meade 
RAPID CITY EAST—Pennington 
RAPID CITY NW—Meade 
RAPID CITY WEST—Pennington 
SILVER CITY—Pennington 
STU RGIS—Meade 
TILFORD—Meade 











Tennessee 


BURRVILLE—Morgan 
GRIMSLEY—Fentress 


Tennessee-Kentucky 


JELLICO EAST—Campbell 


Teras 
BERRY SAND DRAW—Potter 
BOLING—Wharton 
BORGER—Hutchinson 
OTEY—Brazoria 


THOMPSONS—Fort Bend 

Utah 
CAVE CANYON—Beaver 
DUGWAY RANGE NW—Tooele 
FIREWATER CANYON*—Uinta 
HITE*—Garfield 


MILFORD FLAT—Beaver 
MINERSVILLE—Beaver 
TOPAZ MOUNTAIN*—Juab 


Virginia-North Carolina 
SOUTH BOSTON*—Halifax 

Washington 
ANDERSON ISLAND*—Pierce 
ANGELES POINT—Clallam 
BALD KNOB*—Ferry 
BOTHELL—King 
BREMERTON WEST- 
CARNATION—King 
CASTLE ROCK*—Cowlitz 
CORRAL CANYON—Benton 
COUPEVILLE*—Island 
COYOTE RAPIDS*—Benton 
CUMBERLAND—King 
DISQUE—Clallam 
EDIZ HOOK—Clallam 
EDMONDS EAST—Snohomish 
“LW HA—Clallam 
FALL CITY—King 
FREELAND—Island 
( 
( 


-Kitsap 


GARDINER—Jefferson 
1IG HARBOR—Pierce 
;RAND COULEE 
Okanogan 
HANFORD*—Benton 
HOBART—King 
HOLLY—Kitsap 
HURRICANE HILL 
JOYCE—Clallam 
oe CRESCENT 
JOY—King 
SUTHERLAND—Clallam 
WOOTEN—Mason 


DAM*t+— 


—Clallam 
Clallam 
AKE 
LAKE 
LAKE 


MALTBY—Snohomish 
MON ROE—Snohomish 
MOUNT MULLER—Clallam 


MUKILTEO—Snohomish 
NORTH BEND—King 
OLALLA—Kitsap 
PE ELL*—Lewis 
PIGEON SPRINGS—Cowlitz 
PORT ANGELES—Clallam 
RICHLAND*—Benton 
SEVENTEENMILE MOUNTAIN 
—Ferry 
SNOHOMISH 
SNOQUALMIE—King 
SULTAN—Snohomish 
TWIN RIVERS—Clallam 
Washington-Oregon 
SKAMOKAWA*—Wahkiakum 
Wisconsin 


CLOVERLEAF 


Snohomish 


Douglas 





West Virginia-Kentucky 
NAUGATUCK—Mingo 
Wyoming 
ANDERSON RIDGE—Fremont 
BRADLEY PEAK—Carbon 
BUZZARD RANCH—Carbon 
FERRIS—Carbon 
LEWISTON LAKES—Fremont 
MOUNT ARTER—Fremont 
PATHFINDER RESERVOIR SW 
—Carbon 
RAWLINS—Carbon 
RED CANYON—Fremont 
RIDDLE CUT—Carbon 
SCHLICHTING MOUNTAIN— 
Fremont 
SEMINOLE DAM SE—Carbon 
SEMINOLE DAM SW—Carbon 
SOUTH PASS CITY—Fremont 
THE Q RANCH—Carbon 
WILD HORSE MOUNTAIN— 
Carbon 








In addition to the standard 
series of quadrangle maps, 
small-scale (1:250,000) maps 
United States 
and Territories are being pub- 
lished and distributed. Some 
of these maps are published in 
a shaded-relief edition, as indi- 
cated in the 
may be 


of areas in the 


list below. They 
purchased from the 
Geological Survey for 
per copy. An 


series 1S 


50 cents 
index to the 
available on request. 


lrizona-New Mesrico-Merico 
DOUGLAS 


California 
ANGELES? 


LOS 


York 


Connecticut-Neu 


HARTFORD? 


Public Land Survey Plats 


HE FOLLOWING plats of public land surveys and resurveys were completed and 


accepted by the 


March 1 and May 31, 


3ureau of Land Management, l 
1955. 


the plats may be secured from the 


Sureau offices in the States or from the Director. 


J. S. Department of Interior, between 
The class or purpose of the survey is indicated. 


Copies of 
Jureau 


of Land Management, Department of the Interior, Washington, D. C. 


tlaska 


Fish Creek Unit No. 2 Group—vU. S. Survey 3281 T. 5 N., R. 18 W. 
North Pelican Group- U. S. Survey 3371 =.-¢@63. me 40 
NW Addition, Townsite of Sitka 1. S. Survey 3303 T.6N., R. 19 W 
Thimbleberry Bay Grouy U. 8S. Survey 3302 T. 6 N., BR. 20 W. 
T. 7 N., R. 18 W 

; ilaska——Seward Meridian T.7N.. R. 19 W. 
rT. 15 N., R. 1 W.—Subdivision of sections T. 7 N., BR. 20 W 
. 2 t w 
{laska—Fairbanks Meridian a ‘ Ss.’ R. +4 Ww. 

T.98., R. 10 E Subdivision of sections T. 8 8., BR. 15 W. 





irizona 


Gila and Salt River 


Meridian 
Original survey 
Original survey 
Original survey 
Extension survey 
Original survey 
Extension survey 
Extension survey 
Subdivision of sections 
Subdivision of sections 


Subdivision of sections 
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S., R. 16 W.—Subdivision of sections 
3., R. 18 W.—Suabdivision of sections (5 plats) 
S., R. 19 W.—Subdivision of sect 2 ats . : +e 
S.. R. 20 W. “Subdivision of poem (2 eats} ew Mewxico—New Mezico Principal Meridian 
S., R. 23 W.—Tract survey—-Fort Yuma Airport T. 2 N., R. 4 W.—Dependent resurvey 

T. 30 N., R. 13 W.—Dependent resurvey 


North Dakota—Fifth Principal Meridian 


S., R. 35 E.—Original survey 
36 E.—Original survey 


eye) 
26 0 OP On 
RL 
BA 
2 pe 
v7 
~ 


BAP 


California—Mount Diablo Meridian 
T. 4 8., R. 36 E.—Dependent resurvey 
wo 


















T. 5 S., R. 37 E.—Dependent resurvey T. 136 N., R. 84 W.—Dependent resurvey 
Californi . lS as ons T. 136 N., R. 85 W.—Dependent resurvey 
alifornia—San Bernardino Meridian T. 136 N., R. 86 W.—Dependent resurvey 
T. 2 N., R. 8 E.—Dependent resurvey T. 136 N., R. 87 W.—Dependent resurvey 
i é T. 136 N., R. 88 W.—Dependent resurvey 
Idaho—Boise Meridian T. 137 N., R. 84 W.—Dependent resurvey 
T.758.,R Subdivision of sections a Ses 
T.78.R Subdivision of sections Oregon—Willamette Meridian 
T.88., RK Subdivision of sections (4 plats) T. 23 S., R. 40 E.—Dependent resurvey 
r.88., R Subdivision of sections (3 plats) T. 23 8., R. 41 E.—Dependent resurvey 
r.88., R Subdivision of sections T. 24 8., R. 40 E.—Dependent resurvey 
T. 24 8S. . BE. Jepe > Ps re 
Kansor—Sieth Principal Aferidian 24 8. & 418 Dependent reeurre 
T. 14 8., R. 19 W.—Dependent resurvey . . mS 
T. 14 58., R. 20 W. Dependent resurvey Utah—Salt Lake Meridian 
T. 14 8., R. 21 W.—Dependent resurvey T. 16 S., R. 13 E.—Skeleton survey 
T. 15 S., R. 19 W.—Dependent resurvey T. 18 8., R. 13 E.—Skeleton survey 
T. 15 8., R. 20 W.—Dependent resurvey T. 19 S., R. 13 E.—Skeleton survey 
Montana—Principal Meridian Rh > ate 
r. 2 N., R. 28 E.—Dependent resurvey R. 14 E.—Skeleton survey 
T. 2 N., R. 29 E.—Dependent resurvey t. 8 E.—-Skeleton survey 
T. N., R. 30 E.—-Dependent resurvey R. 14 E Skeleton survey 
T N., R. 31 E.—Dependent resurvey t. 15 F Skeleton survey 
T. 3 N., R. 8 W.—Dependent resurvey t. 16 F Skeleton survey 
ys N., R. 31 E.—Dependent resurvey me ae 8 Skeleton survey 
y 2 N., R. 32 E Dependent resurvey 4 , R. 21 E.—Skeleton survey 
T. 4 N., R. 33 I Dependent resurvey Se , R. 15 E.—-Skeleton survey 
T. 5 N., R. 33 E Dependent resurvey 4 , R. 16 I Skeleton survey 
T.5 N., BR. 34 E Dependent resurvey e. a me Skeleton survey 
T.6N., R. 34 I Dependent resurvey 7. S., 21 |} Skeleton survey 
T.6N., R. 35 I Dependent resurvey , 3 S., y Skeleton survey 
T. 6 N., R. 38 I Dependent resurvey T. 30 S., Skeleton survey 
T. 6 N., BR. 39 E. Dependent resurvey yy Ss. Skeleton survey 
T.6N., R. 40 E Dependent resurvey .. 33 8., Skeleton survey 
T. 6 N., R. 41 I Dependent resurvey ’. 33 8B... Skeleton survey 
T. 6 N., R. 44 E.—Dependent resurvey ’. 34 S., Skeleton survey 
T.7N., BR. 35 I Dependent resurvey r. 34 S., Skeleton survey 
T. 7 N., R. 36 E.—Dependent resurvey T. 35 8... Skeleton survey 
T. 7 N., R. 37 E.—Dependent resurvey T. 35 8.., Skeleton survey 
T. 7 N., R. 38 E.—Dependent resurvey . aa 
T.7N.. R. 51 I Island survey Washington—W illamette Meridian 
T. 17 N., R. 20 E.—Dependent resurvey T. 14 N., R. 14 E Original survey 
T. 17 N., R. 21 E.—Dependent resurvey T. 33 N., R. 39 E.—Dependent resurvey 
T. 19 N., R. 21 E.—Dependent resurvey : ; 
T 21 N. R. 58 E.—lIsland survey Wyoming—Wind River Meridian 
T. 27 N., R. 54 E.—Survey of accretions a | a Subdivision of sections (2 plats) 
T. 27 N., R. 56 E.—Survey of accretions , A t.3 1 Subdivision of sections 
T. 32 N., BR. 16 EB Dependent resurvey yA L.65E Subdivision of sections (2 plats) 
T. 5 S8., R. 42 E.—Island surveys . J R21 Subdivision of sections (3 plats) 
T. 8 S., R. 40 E.—Subdivision of sections T. t..3 I Subdivision of sections (5 plats) 
Nevada Mount Diablo Meridian Wyoming—Sirth Principal Meridian 
r. 3 8S., B. 36 E Original survey T. 57 N., R. 97 W.—Subdivision of sections 


Lake Survey Charts 


UBLICATION of new editions of the following Lake Survey Charts has been an- 
 gintvannee- by the United State Lake Survey of the Corps of Engineers, U. S. Anny. 
Copies of these charts may be obtained from the U. S. Lake Survey, 630 Federal Bldg., 
Detroit 26, Mich., at 75 cents per copy. Payment is required in advance by P. O. money 
order or draft, payable to the Treasurer of the United States. 


0.—General chart, including Lake Champlain and 43.—St. Clair River, including St. Clair Flats and 


New York canals at 1: 1,200,000 scale. (April foot of Lake Huron at 1: 40,000 scale, with inset 

1955.) of head of St. Clair River at 1: 15,000 scale. (May 
6.—Straits of Mackinac, False Detour Channel and 1955.) 

Presque Isle, Mich., to Point Epoufette, Mich., and 

Little Traverse Bay, Mich., at 1: 120,000 scale. 66.—Inland Route, Michigan, from Cheboygan, Mich., 

(April 1955.) to Little Traverse Bay, at 1:40,000 scale, with 
9.—Lake Superior, general chart of the entire lake inset of Cheboygan Harbor, Mich., at 1: 15,000 


at 1: 500,000 seale. (May 1955). scale. (March 1955.) 
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94.—Coast chart, Big Bay Point, Mich., to Redridge, 
Mich., including Keweenaw Peninsula and Kewee- 
naw Waterway at 1: 120,000 scale, with insets of 
Eagle Harbor, Mich., and Copper Harbor, Mich., at 
1:15,000 scale. (April 1955.) 


95.—Coast chart, Redridge, Mich., to Little Girls 
Point, Mich., at 1: 120,000 scale, with inset of On- 
tonagon, Mich., at 1:10,000 scale. (May 1955.) 


97.—Coast chart, Beaver Bay, Minn., to Pigeon Point, 
Minn., at 1:120,000 scale, with inset of Grand 
Marais, Minn., at 1: 10,000 scale. (May 1955.) 


524.—Saginaw River, Mich., entire river and entrance 
channel to Saginaw Bay at 1: 20,000 seale. (Feb- 
ruary 1955.) 
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601.—Les Cheneaux Islands, Mich., at 1: 20,000 
scale. (May 1955.) 

725.—Head of Green Bay, Wis., and Fox River below 
DePere, Wis., at 1: 25,000 scale, with inset of part 
of Green Bay, Wis., at 1: 10,000 scale. (February 
1955.) 


931.—Grand Island, Mich., including coast from Sail 
Rock to Au Train Point, Mich., at 1: 30,000 scale, 
with inset of Minising Harbor, Mich., at 1: 15,000 
scale. (April 1955.) 


943.—Keweenaw Bay, Mich., at 1: 30,000 scale, with 
insets of L’Anse, Mich., and Pequaming, Mich., at 
1: 10,000 seale. (February 1955.) 


Airborne Surveying for Uranium 


HE FOLLOWING material is quoted from an 
| ten given by Royale S. Foote, Chief, 
Geophysical Exploration Branch, Atomic Energy 
Commission, at the Mining Show, American 
Mining Congress, San Francisco, September 
1954, as printed in Mineral Information Serv- 
ice,* Vol. 8, No. 4, April 1, 1955. 

Uranium ore on the ground can be located 
from the air by detecting the radiation that is 
always given off by natural uranium ore . 
Airborne surveying can result in the detection 
and location of outcropping uranium ore only if 
the outcrop is large enough or high enough in 
grade. The actual size and grade that can be 
detected depends upon the altitude of the sur- 
vey, the speed at which the aircraft flies, and the 
type of instrumentation utilized. At 100 feet or 
less with proper technique, a survey should be 
able to detect an outcrop several hundred square 
feet in area of an average grade of 0.1 percent 
U:Os. Generally speaking, a smaller area can 
be detected if the grade is higher. 

Certain other factors must be considered in the 
evaluation of the technique. Production of radi- 
ation is not unique to uranium ore. There is 
radiation present at any location on the earth 
and what we look for is an increase in rate of 
radiation and not just the detection of radiation. 
The indication of natural radiation by an instru- 
ment is called the background reading and all in- 
dications of additional radiation or “anomalies” 
are measured in terms of increase over the back- 
ground reading. 

There must be enough uranium ore outcrop- 
ping at the surface to supply enough radiation 
* Published by the Division of Mines, Depart- 


ment of Natural Resources, State of California. 


for a reasonable increase. The ore must be ex- 
posed at the surface (for all practical purposes) 
because a foot or so of barren overburden will 
render undetectable the gamma radiation from 
the ore beneath it. 

It is necessary to fly close to any outcrop or 
above any area because the radiation given off 
by uranium decreases in intensity as you get 
farther away from it. Flying at altitudes above 
500 feet, many small areas of mineralization 
will not be detected even with the best instru- 
ments. Outcrops that are detected at or above 
500 feet will be difficult to locate on the ground 
and difficult to partially evaluate by an observer 
from the air. 

The most effective and economic airborne 
surveying is run with small highly maneuverable 
aircraft flying close to the outcrop area. The 
closer it is possible to approach the outcrop, the 
more anomalies will be detected, and for low alti- 
tudes it is best to fly as slowly as is safe. Flying 
at 50 feet above the ground, the ground speed 
should be kept around 65—75 miles per hour. 
The amount of coverage or the area that will be 
scanned on the ground from a certain altitude 
can be estimated by assuming that the width of 
a path covered on the ground will be twice the 
altitude at which the aircraft is flying; thus, 
flying at 100 feet, a path on the ground approxi- 
mately 200 feet wide would be within the range 
of detectability. 

To get full advantage of the airborne surveying 
techniques, an experienced geologist should do 
the observing from the aircraft. He should be 
familiar with the geology in the area under con- 
sideration and after a short period of training in 
flight should be very effective in guiding the sur- 
vey and in applying geologic judgment during 
flight as to which outcrops might be followed. 

















Comment and Discussion 














The pages of SurveyING AND MapPiNnc are open to a free and temperate discussion of all 


matters pertaining to the interests of the Concress. 


It is the purpose of this Department to en- 


courage comments on published material or the presentation of new ideas in an informal way, 


—Eprror 


GEOCARTOGRAPHY 


J. S. Keates*—The stimulating note “Topo- 
cartographers and Geocartographers” by Prof. 
Raisz in the January-March 1955 issue of Sur- 
VEYING AND Mappinc spoke eloquently of the 
feelings of many of us engaged in commercial 
small-scale mapping. While we accept the fun- 
damental importance of survey and official large- 
scale mapping programs, we envy the scientific 
exactitude of specific assignments which helps so 
much to give the “topocartographer” his recog- 
nized professional status. 

The problems of geocartography have reached 
a new stage with the emergence of a recognized 
division between map editing and compilation, 
and the reproduction process. Even in the 
European companies where the tradition of the 
personal craftsman is strongest, the trend is now 
towards a distinction between editing, drafting, 
and reproduction, even though the executive car- 
tographer must plan the work through all stages. 

Most of us in such a position have surely 
realized (and resented) the fact that the require- 
ments for this type of work are so often mis- 
understood, and its functions are frequently 
ignored. Primarily engaged in making maps 
which draw on a wide variety of statistical and 
other information produced by recognized spe- 
cialists, we hover uncertainly on the fringe of 
both geography and “topocartography,” accepted 
by neither. 

Many commercial organizations partly or oc- 
casionally involved in small-scale map reproduc- 
tion are quite aware that the technical side of 
such work must be left to specialists. Yet they 
are often sublimely unaware that the presenta- 
tion and content of such maps need equally spe- 
cialist treatment before they reach the produc- 
tion stage. The publishing house which “sends 
out” its work to a free-lance artist, vaguely hop- 
ing that the result will be what the author 
wants, is a typical case of this. 


* Cartographic Editor, Penguin Books Ltd., 
West Drayton, Middlesex, England. 


The cartographic editor, or “geocartographer,” 
must have a wide geographical background, 
with a genuine interest in what goes on in the 
world. One of his primary problems is to keep 
abreast of all those minor changes which are 
continually being enacted all over the globe 
the results of new survey, economic develop- 
ments, and changes in human _ distributions. 
Not only must he be familiar with such infor- 
mation, but he must use judgment and experi- 
ence in selecting what is relevant to his project. 

Allied to this he needs an adequate technical 
knowledge of drafting and reproduction proc- 
ess, a flair for graphic presentation, and execu- 
tive and organizational ability to coordinate his 
work through its various stages. Moreover, both 
the contents and reproduction must be judged 
against a strict background of costs and market 
requirements. 

All this adds up to a great deal in human 
skill and experience. The genuine cartographer 
is fundamentally aware that his production, 
whether a large colored sheet or a small book- 
map, must faithfully interpret the area or sub- 
ject as accurately as possible, keeping the map 
user up to date with recent developments and 
warning him where information is inadequate 
or unreliable. 

It is along those lines that the geocartogra- 
pher makes his claim to professional recogni- 
tion, for the interpretation of much scientific 
work is presented by him to the general public 

With regard to this I would like to make two 
proposals: first, that we should attempt to 
create some sort of international organization, 
both to promote ideas of common interest and 
to educate those joining our profession; and, 
second, to establish some kind of postal “bu- 
reau” through which requests for information 
or criticism could be passed on to someone “on 
the spot.” Much of the editorial work in small- 
scale mapping is a matter of judgment, and 
surely we could all improve our work by sub- 
mitting it for criticism to a cartographer living 
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COMMENT AND DISCUSSION 


in, or familiar with, the area concerned. 

So much is happening in the world today 
that no one team can hope to keep on top of 
all the changes that take place, particularly as 
many of them are unrecorded in the normal 
reference materials, or take a great length of 


SURVEYING IN 


Vince Kar.tiner*—Enclosed find cartoon in 
style of Egyptian wall drawings. It has occurred 


* P. O. Box 477, Brawley, Calif. 


vs 
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time to obtain recognition. To quote Prof. 
Raisz, “To act wisely we have to learn a great 
deal about other countries and other peo- 
ple, . . .” and toward achieving this we could 
surely begin by mutual cooperation among our- 


sceives. 


ANCIENT EGYPT 


to me that surveyors have had troubles of this 
sort ever since the days of the groma and knotted 
cord, which the gentleman on the left is holding. 





“T don’t care what you say, that tree is the corner and I defy you to change it!” 


IS THE SEA LEVEL DATUM FOR STATE COORDINATE SYSTEMS 
NECESSARY? 


The following exchange of letters between a private surveyor in Ohio and the U. S. Coast 


and Geodetic Survey presents differing views on a debatable question. 
readers of SURVEYING AND MAPPING are invited. 


Grorce M. Pace* 
am interested in tying land surveys to the Ohio 
Coordinate System. In reading your Special 
Publication No. 235, I note that corrections are 
to be made for sea-level lengths and grid 
lengths. 

Since grid corrections are already within a 1 
to 10,000 limit of error, it seems to me that they 
are unnecessary for land surveys which are of a 


* Letter from George M. Pace, 7083 Paddison 
Road, Cincinnati 30, Ohio, to the Director, U. S. 
Coast and Geodetic Survey. 


As a private surveyor, I 


Further comments from 
Epiror 


lower order in regard to error of closure. I 
feel that ordinarily, in suburban areas, | to 
3,000 is all that is required on rough, wooded 
terrain with steep slopes, and 1 to 6,000 on 
gently rolling or level, open country. 

With regard to paragraph 43 of your publica- 
tion, I can not understand why State coordinate 
systems necessarily are placed on a sea-level 
datum. It seems to me that a datum refer- 
enced 700 feet above sea level, or thereabouts, 
for Ohio would eliminate any need for a sea- 
level or similar correction by private surveyors. 
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It is my opinion that every State coordinate 
system is an individual problem and that a com- 
mon datum of elevation for all is not realistic 
in view of the wide differences in elevation in 
different parts of the country. 

I believe that, in order to achieve maximum 
use of the State coordinate systems, the proce- 
dure for tying to the systems should entail no 
corrections at all by private surveyors except in 
unusual circumstances. 

Your comments with regard to (1) the elimi- 
nation of grid corrections, and (2) the elimi- 
nation of sea-level corrections, by adjustment of 
the datum elevation, would be appreciated. 


Rosert W. Knoxt—I have read with interest 
your letter of Dec. 23, 1954, which discusses the 
possible elimination of corrections for scale and 
elevation in computing land surveys on the Ohio 
Coordinate System. Admittedly, if the accuracy 
you require is only 1 part in 3,000, there is not 
much point in correcting for scale error which, 
in the Ohio South Zone, never exceeds about | 
part in 16,000. 

I do not agree that we should not base all 
our State coordinate systems on sea-level datum. 
All our triangulation has been computed on this 
datum which means that when the geographic 
positions are converted to coordinates these are 
automatically on the same datum. Theoreti- 
cally, to raise the datum for each of the State 
zones to an average elevation of that zone would 
require that we recompute our triangulation 
which obviously is utterly impossible. As an 
alternative, we could recompute the plane co- 
ordinates by an approximate method to raise 
them to the different elevation planes, but this 
would lead to endless confusion along the zone 
boundaries. Ohio consists generally of a rela- 
tively flat terrain, but in other States, such as 
California, the range in elevation is so great as 
to preclude the idea of an average-elevation 
datum on that basis alone. 

We believe that the reduction for scale and 
elevation is so simple that it should not be over- 
looked in all cases where it could appreciably 
help the survey closures. 

I am inclined to agree with you that it would 
not be economical for private surveyors to ex- 
tend survey ties beyond two thousand feet or so. 
A large surveying organization might find it 
profitable to put in a precise survey net of its 
own in order to place property surveys on the 








+ Letter from the Assistant Director, U. S. 
Coast and Geodetic Survey, to George M. Pace. 
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State systems, particularly in cases where a 
large subdivision development can be antici- 
pated. 

This letter should not be considered as one of 
criticism whatsoever; it merely reflects some of 
our thinking which, after all, involves only mat- 
ters of opinion. We greatly appreciate letters 
such as yours which indicate an interest in tying 
surveys to the State coordinate systems as well 
as some good reasoning in shortcutting when 
this can be done. 


Gerorce M. Pace*—lIn reference to your let- 
ter dated January 3, 1955, I would like a fur- 
ther expression of opinion from other interested 
parties. In that connection, I would like your 
permission to publish our exchange of letters in 
the journal of the American Congress on Sur- 
veying and Mapping for the purpose of attempt- 
ing to obtain the views of other private sur- 
veyors on this subject. 

Nore: This permission was granted.— 
G. M. P. 


Mr. Pace (to ACSM)—I do not, of course, 
advocate the recomputation of all U. S. Coast 
and Geodetic Survey triangulation. However, 
to amplify my thoughts in regard to the matter 
of making adjustments to precise traverses when 
establishing a network of State-coordinate mon- 
uments, a few pertinent comments will be ex- 
pressed. 

First, consider the case of a fully equipped 
survey party chaining distances between pre- 
viously set concrete monuments. In this highly 
precise work chaining bucks are used, differ- 
ences of elevation between the ends of the tape 
are observed, a spring balance measures the 
pull, the temperature is recorded, and the work 
is usually performed on a cloudy day. Perhaps 
more than one set of measurements is taken 
between monuments. At any rate, closures of 
1 in 40,000 or better are obtained. 

As an end result, a highly reliable distance 
measurement between the two monuments is 
obtained. Later, adjustments are made for 
closure, grid, and sea-level datum so that this 
very accurate distance, when published in a 
catalog of State-coordinate monuments, no 
longer appears as it was determined on the 
ground, but as an adjusted distance. To be 
sure, these adjustments are small and the first 
two are necessary beyond a doubt. However, 
I question the need for the sea-level datum 
adjustment in terrain where abrupt and exces- 
sive changes in elevation are not present. 








COM! 


US( 
proc 


whi 
levi 
tan 


me 
tan 
the 
me 
the 

po 

cic 
mi 


St 
le 
ne 





PPING 


here a 
antici- 


one of 
me of 
y mat- 
letters 
n tying 
is well 
when 


ur let- 
a fur- 
rested 
e your 
ters in 
n Sur- 
tempt- 
€ sur- 


ited.— 


ourse, 
Coast 
wever, 
natter 
when 
mon- 


€ €X- 


ipped 
pre- 
highly 
differ- 
P tape 
s the 
work 
haps 
taken 
res of 


tance 
nts is 

for 
t this 
in a 

no a 
1 the 
‘oO be 
- first 
ever, 
atum 


XK CS- 











COMMENT AND DISCUSSION 





Ground level 
Sea level 
O Center of Earth 
For ready reference, figure 13, page 17 of 


USC&GS Special Publication No. 235 is re- 
produced here. 
In the figure, 


is the correction to reduce the ground- 


AB (or S 


where C 
level distance to the sea-level dis- 


tance A’B’, 


It is my opinion that the fewer the adjust- 
made field-measured dis- 
tances, the better. In a State like Ohio, where 
the 
ment to a datum approximately 700 feet below 


ments to accurate 


terrain is comparatively level, an adjust- 
the ground level does not seem logical. My pro- 
posal is that the datum A’B’ be raised to coin- 
cide with AB, as nearly as practicable, thus 
making an adjustment for elevation unnecessary. 

If this were the case, would an individual 
State datum for Ohio of 700 feet 
level, or thereabouts, be a source of confusion 
near the State 
system would overlap slightly? 


above sea 
another State’s 
I think not, be- 


cause any surveyor educated and progressive 


border where 


enough to be using the State coordinate system 
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would certainly be careful enough to insure 
compatible coordinates and bearings. Further- 
more, I do not think that it is necessary to use 
a different datum for every State. Certain 
States might be considered in a group; for ex- 
ample, Ohio, Indiana, and Illinois could, no 
doubt, use the same datum with a minimum of 
adjustments for elevation being required for 
public monuments and no adjustments at all 
for private surveys. 

I realize that a datum system that would work 
for Ohio would not serve for Western States 
like Utah. I have no solution to propose for 
Utah, or Colorado, or California, or any of the 
Western States. Each State, or possibly a group 
of States, is an individual problem. Perhaps a 
sea-level datum with appropriate adjustments 
is best for the Western States, considering the 
terrain involved, but the matter should be in- 
vestigated further. 

Another disadvantage of changing the datum 
of the coordinate systems is that they have been 
in effect for a number of years and a change 
would lead to confusion as to which datum sys- 
tem was applicable in some cases. However, in 
many States the coordinate systems have been 
used very little to date. Therefore, if a change 
in datum is worthwhile, the sooner the better. 
In this connection, one reason why the State 
coordinate systems have not been used more is 
the impression of private surveyors that more 
calculations are required. To dispel that mis- 
giving, I think we could well eliminate the sea- 
level correction in the great majority of cases, 
and, since the grid correction is already within 
an accuracy of 1 to 10,000, no correction at all 
would be necessary in ordinary surveying. In 
my opinion, the State coordinate systems have 
to be tailored to the needs of the ordinary land 


surveyor. The coordinate-system idea is a good 


one, but only if it is used. 
that 


Coast 


In conclusion, I would like to say I re- 
the U. S. and 
My opinion differs 
from theirs on the matter of sea-level correc- 


spect the gentlemen in 


Geodetic Survey very much. 


tions for the State coordinate systems. How- 
not difference of 
opinion, and I am sure all of us have the same 


ever, it is an acrimonious 
objective in mind. 

My purpose in writing this discussion for Sur- 
MapPING is to other sur- 


veyors throughout the country. 


VEYING AND reach 

If a few expres- 
sions of opinion on this subject, in the form of 
letters to the Editor, are forthcoming, they 
no doubt, prove interesting and 


possibly very valuable for future developments. 


would, very 
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News of Related Organizations 














ASCE Executive Secretary Carey Retires 


William N. Carey, Executive Secretary of the 
American Society of Civil Engineers for the past 
ten years, has retired from that office. Mr. 
Carey served the ASCE in many capacities 
dating from the time he became an associate 
member in 1916. For his outstanding work, 


the society presented Mr. Carey with a special 
plaque usually reserved for retiring Presidents. 

The new Executive Secretary is William H. 
Wisely, well known in sanitary engineering 
circles, who has served as Associate Secretary of 
ASCE since the first of this year. 


Wisconsin Society of Surveyors 


The July 1955, issue of the Newsletter of 
the Wisconsin Society of Land Surveyors re- 
ports that the long fight for legislation on 
registration of land surveyors of that State may 
be entering the final stage. The Legislative 
Committee announced that, after a rocky ses- 
sion in the legislature, the bill passed both 
houses of the legislature and was, at the time of 
the announcement, in the hands of the Gov- 
ernor for signature or veto. 

Robert J. Poss, Chairman of the Legislative 
Committee, to whom is due much of the credit 


The Texas 


A new publication, devoted to surveying and 
mapping, made its appearance in July. Vol- 
ume 1, Number 1 of the Texas Surveyor has 
been added to the growing list of publications 
devoted to the profession. The periodical, 
modest in size, features among other things a 
letter from President Fred Williamson an- 
nouncing the appointment of a Texas State 
Board of Registration for Public Surveyors, 
which is to begin operations on September 6, 
and outlining the program of the Association 
for the ensuing year. In addition to various 


for the progress of the bill, made the thoughtful 
comment that passage of the bill puts every sur- 
veyor on his own to uphold the standards of the 
profession. “Dignity, accuracy, and care are 
more important now,” he writes, “since each 
surveyor will reflect not only his own personal 
qualifications, but those of the profession as 
well.” He pointed out, further, the necessity for 
surveyors to participate in surveying organiza- 
tion affairs in order to keep abreast of new de- 
velopments in surveying law, in equipment, and 
in methods and procedures. 


Surveyor 


items pertaining to Association business there 
is an announcement of the July 29 meeting of 
the Texas Section, American Congress on Sur- 
veying and Mapping. Also published is what 
appears to be the start of an interesting depart- 
ment: “Surveying Wrinkles” and an article on 
“Texas Land Descriptions” by F. L. Dornier, 
Office Engineer of the Land Department, Shell 
Oil Company, Houston. Both features will be 
of interest to property surveyors. Future issues 
of the new publication will be awaited with 
interest. 
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ACSM Report to National Research Council 
for Year Ending April 1955 


Surveys Division sessions were designed to stim- 


Intensive efforts during the past year to pro- 
mote increased interest and detailed attention 
to research phases of surveying and mapping 
reached a climax with the annual meeting held 
by ACSM in March 1955 jointly with the Amer- 
ican Society of Photogrammetry. The meetings 
of the two groups ran consecutively with pro- 
grams arranged to highlight matters of over- 
lapping interest in one of the most comprehen- 
sive mapping expositions ever held. 

The program for the Fifteenth Annual Meet- 
ing of the American Congress on Surveying and 
Mapping reflected the broad technical and pro- 
fessional scope of the society's membership. 
Panels and papers pertinent to the advancement 
and improvement of the technical sciences and 
professional practices in the field of surveying 
and mapping were presented. Among the fea- 
ture papers was a discussion of the boundary 
problems raised by the Submerged Lands Act. 

Representatives from nationally recognized 
organizations with kindred interest conducted a 
feature panel on the relationship existing be- 
tween surveying, photogrammetry, and engineer- 
ing. The principal objective of this panel was 
to promote the solution of problems common to 
all phases of surveying and mapping. This sub- 
ject is a complex and controversial field involv- 
ing such subjects as the professional status of 
surveyors, cartographers, and photogrammetrists; 
state registration laws and regulations; ethical 
practices; education and training; and other 
matters. 

The six technical divisions of ACSM offered 
separate specialized programs, although selected 
division papers having general interest were fea- 
tured in plenary sessions. The Education Divi- 
sion held joint meetings with ASP groups of 
similar interest for the purpose of coordinating 
summary findings in general session. The Con- 
trol Surveys Division presented papers on elec- 


tronics in modern surveying, and reports of 


The Property 


measurement by light waves. 
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ulate interest among land surveyors and title 
men in problems of legal interpretation, custom, 
and various land laws includ- 
ing those covering registration. The Topog- 
raphy Division presented papers on map use and 
the importance of maps to planning, large-scale 
topography by aerial methods, and other timely 


rights, fees, etc., 


items. The Cartography and Instruments Divi- 
sions presented exhibits and papers having spe- 
cial appeal for those interested in new develop- 
ments in surveying and mapping. 

The year’s work ended with a sense of satis- 
faction in the healthy condition of ACSM, as 
reflected in a growing membership, favorable 
financial condition, and active interest among 
local sections. Noteworthy developments in 
cartographic techniques were reported by agen- 
cies supporting ACSM. Among these were the 
solution to technical problems by the Air Force 
Aeronautical Chart and Information Center, 
listed as follows: 


1. A photo-mechanical method of achieving 
a vignetted or feathered treatment of graded 
shades of blue for shoreline emphasis along coasts 
and for inland water features. 

2. The Lac-Strip technique of color separa- 
tions for preparing gradient tints used to indicate 
elevations on maps and charts. 

3. A photo-mechanical solution for adjusting 
or toning down contour lines on photomaps so 
they will not obliterate essential information. 


The President’s ambitious highway-building 
program will afford opportunities for furthering 
the geodetic control networks of the United 
States. ACSM resolutions in this connection 
provide for the following: 


1. The coordination of highway surveys with 
the established network of ground control sur- 
veys. 

2. The preservation of survey monuments al- 
ready established. 
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3. The establishment by the Coast and Geo- 
detic Survey of permanent monuments, resulting 
from precise horizontal and vertical control sur- 
veys, at intervals of one or two miles along the 
proposed routes of the Interstate Highway Sys- 
tems. 

The use of Raydist, an electronic surveying 
system in which distances are determined in 
terms of phase shift, received considerable at- 
tention during the year. Measurements have 
been obtained over flat arid country with a 
degree of accuracy of one part in 100,000. 
Successful applications of Raydist are being 
made in surveying large over-water areas and 
difficult terrain, tracking of high-speed missiles 
and aircraft, and navigation and positioning. 


SURVEYING AND MAPPING 


The Geodimeter, an instrument capable of 
measuring distances using the velocity of light, 
is another highlight in the field of geodetic 
measurement. With this instrument, distance 
measurements are obtained by determining elec- 
tronically the time interval required for a light 
beam to travel from the device to a distant re- 
flector and return. The time interval is meas- 
ured by a phase comparison technique not un- 
like the method employed in a conventional 
radar system in measuring the time lapse be- 
tween transmission and reception of a pulse of 
electromagnetic energy. 


—H. ArNotp Karo 
ACSM Representative 


Northern and Southern Californ'a Sections 
Hold Joint Meeting 


Well over one hundred persons attended the 
First Annual Joint Meeting of the Northern 
and Southern California Sections in Fresno, 
May 5-6-7, 1955. 

Welcoming addresses were given William C. 
Meek and Charles A. Wooldridge, Jr., Chair- 
men of the two participating Sections. Prof. C. 
J. Aggeler, City College of San Francisco, dis- 
cussed the adoption of the Lambert Coordinate 
Grid in California. His theme was: “. . . it is 
coming . . . sit back, relax, benefit, and enjoy 
it.” Chuck Wooldridge described the East 
Bay Council setup, and explained how it is 
benefiting that area. 

William White, State Board of Registration, 
gave an informal resumé of legislative activity 
in Sacramento. Curtis M. Brown of San Diego 
discussed “Property Transfers Without Written 
Conveyances.” William C. Wattles of Los 
Angeles delivered an address on “Boundary 
Controls,” stressing the ever present and always 
important factor: “. .. but the contrary may be 
shown!” V. S. Seward, U. S. Geological Sur- 
vey, Sacramento, spoke on his agency’s experi- 
ence with scribing techniques. 

Those surviving the dinner and dance Satur- 
day night made the scheduled tour of inspec- 
tion of the Fresno facilities of the Security Title 
Insurance Company before heading for home. 

Tom RK. Humes of the Surveyors Service 
Company, Los Angeles, was appointed chairman 
for next year’s joint meeting, slated for May, in 
Santa Barbara. 


—Tom R. Humes 
Section Editor 





PROMINENT ACSM MEMBERS GET 
TOGETHER AT THE FRESNO MEETING 


Seated (left to right): William C. Wattles, 

National Vice President; William C. Meek, 

Chairman, Southern California Section. Standing 

(left to right): Willard Walker of Fresno; 

Charles A. Wooldridge, Jr., Chairman, Northern 
California Section. 
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Southern California Section Holds Drafting Clinic 


More than 300 engineers and engineering 
draftsmen attended the “Drafting Clinic” spon- 
sored by the Southern Califormia Section, in 
the General Petroleum auditorium, Friday, April 
1, 1955. The response was far greater than was 
anticipated and more than rewarded the local 
Section for the planning and effort that pre- 
ceded the affair. 

Living demonstrations, rather than cold ex- 
hibits, account for the success of the meeting. 
From 3 p.m. until 6 p.m. that evening, attend- 
ants and demonstrators at the six sections of the 
“Clinic” were kept busy explaining their special- 
ties. 

The highlight of the day, and the most popu- 
lar feature in the show, was the demonstration 
of manuscript development by scribing, staged 
by T. J. Wadsworth of the U. S. Geological 
Survey, through the courtesy and cooperation of 
that organization. 

Another display and practical demonstration 
that created considerable interest, was the de- 
velopment of polyconic and transverse Mer 
cator projections, presided over by Roy Sylar of 
the U. S. Coast and Geodetic Survey. Closely 
allied with this, and competing with it for at- 
tention, was a demonstration of Lambert pro- 
jections, staged by Selwyn Douglas of the Gen- 


eral Petroleum Corporation. 

Of considerable general interest were the 
colorful and extensive examples of color slide 
production, shown by John Asher, Chief Drafts- 
man of the General Petroleum Corporation. Al- 
though not strictly a cartographic demonstra- 
tion, this feature was popular because so many 
drafting departments in large organizations are 
frequently called upon to produce similar 
graphic presentations for other departments. 

The photogrammetric display, featuring a 
Multiplex in actual use, was handled by Paf- 
ford, Jones & White. This section also vied with 
the others in commanding the attention of the 
visitors, as this was the first opportunity for 
many of them to witness such equipment in 
operation. 

A demonstration of field-note interpretation, 
supervised by the Survey Division of the City 
of Los Angeles, also proved to be a popular 
item, as it provided a foundation for improved 
liaison between the draftsman and the field 
engineer. 

The success of the entire affair makes it 
probable that a similar “Clinic” will be an an- 
nual event for the Southern California Section. 

Tom R. Humes 
Section Editor 





PART OF THE THRONG OF MEMBERS AND VISITORS 


WHO PARTICIPATED IN THE DRAFTING CLINIC 


STAGED BY THE SOUTHERN CALIFORNIA SECTION, ACSM, APRIL 1, 1955. 


Louisiana Section 


The regular quarterly meeting of the Louisana 
Section of the American Congress on Surveying 
and Mapping was held at the New Orleans 
Engineers’ Club, DeSoto Hotel, New Orleans, 


on April 20, 1955. Sixty members and guests 
were present. 

After a social hour, the meeting was called 
to order by Chairman Chapman. Mr. Chap- 
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man gave a brief report on ACSM’s Fifteenth 
Annual Meeting, which was attended by eight 
members of the Louisana Section, and announced 
that the 1956 National Convention will be at 
the Shoreham Hotel, Washington, D. C., during 
March 1956. 

George Mott, Treasurer, reported that there 
was a balance of $193.02 in the treasury. 

A. L. Brawley, Membership Committee Chair- 
man, reported that the present membership of 
the Louisiana Section was ninety members. 

Mr. Slaughter of the Corps of Engineers, New 
Orleans District, presented an interesting talk 
on “Capture of the Mississippi River by the 
Atchafalaya—Closure of Old River” which was 
illustrated with slides. 

Chairman Chapman expressed his thanks for 
the cooperation of all the officers and members 
during this tenure of office and announced the 
results of the election of officers as follows: 

Jack S. Toler, Chairman 

Martin Standard, First Vice Chairman 
Harry Shutts, Second Vice Chairman 
T. Baker Smith, Third Vice Chairman 
George E. Mott, Secretary 

George E. Jones, Treasurer 


Directors 


A. Ee OT  cveincccans 1956 
H. N. Harrison .......<-. 1956 
Se Bey 1957 
Robert EBarle ........<+- 1957 
Mi: Us, SEE <n asceds cee 1957 


Che Section assembled for another regular 
quarterly session on June 27, 1955, in the Engi- 


Texas 


The sixteenth meeting of the Texas Section 
of ACSM was held on March 30, 1955, in the 
Library Lecture Hall of the University of 
Houston, with 35 members and 9 guests present. 
R. L. Sargent, Chairman of the Section, pre- 
sided. 

Reports were given by the Treasurer, William 
J. Warren, on the financial status of the Section, 
and by ACSM National Director W. H. Wilson, 
on the Consecutive Meetings of the American 
Society of Photogrammetry and the American 
Congress on Surveying and Mapping in Wash- 
ington. 

E. D. Morse reported on the progress of the 
surveyors licensing bill. He announced that the 
bill had been favorably reported out of the 
House of Representatives and that an attempt 
would be made to obtain quick Senate ap- 
proval. 
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neer’s Club, DeSoto Hotel, New Orleans. 

Chairman Jack Toler opened the meeting 
with the introduction of the newly elected 
officers and directors. 

Mr. Toler revealed that for the forthcoming 
year the Board of Directors had decided on an 
inaugural dinner for the installation of new 
officers in April. 

As the evening progressed, Mr. Toler intro- 
duced Commander Robert Earle, Chief of the 
New Orleans office of the Coast and Geodetic 
Survey, who, in turn, presented the principal 
speaker, Lt. Comdr. Norman E. Taylor. Mr. 
Taylor is in charge of one of the two USC&GS 
parties currently engaged in reestablishing geo- 
detic control along the Louisiana Gulf Coast 
and tying in numerous offshore oil structures. He 
showed a color movie which illusrated the erec- 
tion of the ninety-foot Bilby steel observation 
tower, occupation of the tower by a party, 
measurement of a base line, and running a line 
of levels. Commander Taylor then outlined the 
scope and nature of the triangulation network 
now being performed. The barriers and com- 
plications encountered by his party in transport- 
ing and constructing their lofty towers in the 
soft, mucky marsh land was of utmost interest 
to the group. The speaker stated that the sur- 
vey assignment was approaching completion and 
unadjusted copies of their computations could 
soon be obtained. After a question and answer 
session the meeting was brought to a close. 

Gerorce E. Jones 
Secretary 


Section 


W. G. Herzog, Chairman of the Program 
Committee, introduced the speaker of the eve- 
ning: Robert O. Davis, Regional Engineer, 
Rocky Mountain Region, U. S. Geological Sur- 
vey. Mr. Davis outlined recent developments in 
topographic mapping using the multi-lens aerial 
camera and improved stereophotogrammetri 
methods. He explained the use of helicopters by 
the Geological Survey for triangulation parties 
to facilitate coverage of vast and inaccessible 
areas in Alaska and Western United States. Mr. 
Davis accompanied his talk with appropriate 
slides and with an exhibit of maps in various 
stages of development. 


The bill requiring the licensing of public land 
surveyors who practice in Texas was passed by 
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both the House of Representatives of Texas and 
the State Senate and was signed by Governor 
Shivers on April 29, 1955. 

The bill provides that the Governor shall hav 
ninety days in which to appoint a six-man board 
to administer the law and pass on applicants. 
After the board has been appointed, thirty days 
are to be allowed for the appointment of a 
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chairman for the board and the performance of 
other duties necessary for the proper adminis- 
tration of the act. 

Special credit for their efforts toward securing 
enactment of the law are due to E. D. Morse, 
Fred Williamson, and W. H. Wilson. 

—Crci. J. Foster 
Secretary, Texas Section 


Obituary 





PHILIP G. McCURDY 


Philip G. McCurdy, Chief of Photogram- 
metry, U. S. Navy Hydrographic Office, passed 
away at George Washington University Hospital 
in Washington, D. C., on May 26, 1955, after an 
illness of several weeks. Mr. McCurdy entered 
the government service at the Hydrographic 
Office in 1931. In 1935 he served as hydro- 
graphic engineer on a Naval Survey Expedition 
to the Aleutian Islands and carried out pioneer 
photogrammetric assignments. He was placed 


in charge of photogrammetry in 1935, and de- 
veloped the Hydrographic Office photogram- 
metric organization from a one-man team to its 
present status of 120 persons and diverse equip- 
ment and methods. 

Mr. McCurdy was born at Sayreton, Ala- 
bama, August 14, 1901, and was educated in 
the public schools of Alabama. He was very 
active in scientific and technical societies and 
was a charter member of both the American 
Congress on Surveying and Mapping and the 
American Society of Photogrammetry. He was 
a Director, First Vice-President, President, and 
Honorary Member of the American Society of 
Photogrammetry, and also served that organiza- 
tion for many years as Editor of Photogrammetric 
Engineering. He was the Editor-in-Chief of the 
Manual of Photogrammetry, published in 1944, 
and for his outstanding work in this field he 
was awarded the American Society of Photo- 
grammetry’s Sherman Fairchild Award. For 
his service to the Department of Defense dur- 
ing World War II he received the Navy’s Meri- 
torious Civilian Award. 

Mr. McCurdy served with the Corps of En- 
gineers, U. S. Army, during World War I and 
remained in the Army until June 1925. Dur- 
ing this period he was awarded a citation from 
the Chief of Engineers for outstanding topo- 
graphic survey work. He later served as a con- 
sultant to commercial organizations in estab- 
lishing photogrammetric training programs. 

Mr. McCurdy was the author of Manual of 
Photogrammetry, Hydrographic Office Pub. No. 
591, and Manual of Coastal Delineation from 
Aerial Photographs, Hydrographic Office Pub. 
No. 592. He is survived by his wife and three 
daughters. 


Personals 


Elmore K. Kerkela, production manager of 
Abrams Aerial Survey Corporation, Lansing, 


Mich., since 1953, has been made vice-president 
and manager of the firm. 
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Capt. Albert J Hoskinson, for the past 3 years 
Chief of the Geodesy Division, U. S. Coast and 
Geodetic Survey, retired on July 1, 1955, after 
an outstanding career of more than 34 years 
with that Bureau. 

Captain Hoskinson made his main contribu- 
tion to the Coast and Geodetic Survey in the 
field of geodesy. He made significant improve- 
ments in methods and techniques for making 
gravity observations, and was responsible for the 
design and construction of special instruments 
used in geodetic work. He is the author of two 
Special Publications of the Coast and Geodetic 
Survey on geodesy. 

Besides being a member of numerous scien- 
tific and technical organizations, Capt. Hoskin- 
son was the 1954 Chairman of the Control Sur- 
veys Division, ACSM, and is now President of 
the Geodesy Section of the American Geophysi- 
cal Union. 

Capt. Carl I. Aslakson, internationally known 
geodesist who retired recently from the U. S. 
Coast and Geodetic Survey, has joined the staff 
of Aero Service Corporation, Philadelphia. He 
will serve as a consultant in the use of Shoran 
and other electronic mapping techniques for the 
aerial mapping company. 

Aslakson pioneered many applications of 
Shoran to surveying problems. His methods of 
computing Shoran positions, with the aid of 
IBM card-punched records, are greatly speed- 
ing Shoran mapping projects. 

Prior to retirement, Aslakson served at Pat- 
rick Air Force Base for three years, surveying 
the Florida Missle Test Range for the Army, 
Navy, and Air Force. This proving ground ex- 
tended over an 1,800-mile stretch of water from 
Cape Canavaral, Florida, to the Island of Trin- 
idad. The Shoran survey covered all the is- 
lands of the Greater and Lesser Antilles and 
established island positions of the range within 
plus or minus 10 feet. Some island positions, 
fixed by older and less exact methods, proved to 
be in error by as much as 8 miles. 

During his career of more than 30 years, 
Aslakson worked with mapping and_ geodetic 
control problems in the field in the Far East, in 
South and North America, and the Artic. 

Capt. Aslakson’s measurements of the speed 
of light, later verified by other observers, indi- 
cate a value about 10 miles per hour greater 
than the generally accepted 186,272 miles per 
hour. This work, and other geodetic studies, 
earned for Aslakson the Exceptional Service 
Medal of the U. S. Department of Commerce in 
1953. 
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Ralph Moore Berry has been appointed Pro- 
fessor of Geodesy and Surveying at the Uni- 
versity of Michigan, Ann Arbor, Mich. A 
graduate in civil engineering from the Catholic 
University of America, Washington, D. C., he 
was for many years chief of the Operations 
Branch, Division of Photogrammetry, U. S. 
Coast and Geodetic Survey, by whom he was 
granted a Department of Commerce Merito- 
rious Service Award in 1954. For the past year 
and a half, he has been assistant to the director, 
USC&GS, on a special assignment to the office 
of the Assistant on Cartography, U. S. Bureau 
of the Budget. 

Professor Berry is a registered professional 
engineer in the District of Columbia, and a 
registered professional engineer and land sur- 
veyor in Maryland. He is a member of the 
American Society of Photogrammetry and a 
member of the American Society of Civil Engi- 
neers in which he serves on the Committee on 
Surveys and Land Titles. He is a past-presi- 
dent of the Prince Georges-Montgomery Engi- 
neers Society (of Maryland). 

A charter member of the American Congress 
on Surveying and Mapping, he served for ten 
years on the Annual Meeting Committee, was 
granted an Honorary Citation by the Congress 
in 1951, and was chairman of the Property Sur- 
veys Division from 1951 to 1953. 


Dallas H. Watson, Atlantic Region Engineer, 
Topographic Division, U. S. Geological Survey, 
since 1946, retired on June 30, 1955. 

Mr. Watson began work with the Geological 
Survey in 1911 and has been with that organi- 
zation ever since except for service during 
World War I as an officer in the Coast Artillery 
in France. 

Mr. Watson was succeeeded as Atlantic Re- 
gion Engineer by Robert H. Lyddan. 


Rear Admiral Robert F. A. Studds, who 
served ACSM as its President in 1953, retired 
as Director of the U. S. Coast and Geodetic 
Survey on August | after a lifetime of service in 
the Bureau. 

Admiral Studds had held the important post 
of Director of the Coast and Geodetic Survey 
since May 1950. Under his leadership, many 
noteworthy accomplishments were made by the 
Bureau, including completion of the charting of 
the Gulf Intracoastal Waterway, development 
of a new series of aeronautical charts for use 
with the high-frequency omnirange naviga- 
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tional system, and cooperative development 
with the Naval Ordnance Laboratory of an air- 
borne magnetometer for use over ocean areas. 

In 1952 Admiral Studds was awarded the 
Department of Commerce Gold Medal for ex- 
ceptional service to the Coast and Geodetic 
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Survey for many years and for his outstanding 
leadership as its Director. 


Rear Admiral H. Arnold Karo, formerly 
Chief, Division of Charts, has been appointed to 
succeed Admiral Studds as Director. 


Northern California Section Holds Field Night 


The Northern California Section, on the 
evening of June 24, 1955, held another of their 
popular field-night meetings. While designated 
as a field night, the meeting actually consisted 
of four parts: field demonstrations, equipment 
display, a talk and discussion on triangulation 
computations, and a movie. 

Three fundamental aspects of surveying pro- 
cedure were covered by the field demonstrations 
—precise taping and subtense-bar methods of 
distance determination; precise and differential 
methods of leveling with the Wye and dumpy 


ae 


levels; and methods and instruments for deter- 
mining horizontal angles. 

The meeting, which was open to the public 
as well as friends and guests of members of the 
Section, assembled after the demonstrations and 
the inspection of displays of manufacturers’ in- 
struments and special equipment developed by 
surveyors to hear a talk on simplification of tri- 
angulation computation by analytical methods 
and to view a movie on “The Manufacture and 
Use of Modern Surveying Instruments.” 

H. A. WATERFALL 
Secretary 


@ 


PRE-CONVENTION JOURNAL 
Advertising Tie-in Opportunity 


——q The next Annual Meeting of the American 
Congress on Surveying and Mapping will be held 


in March, 1956. 


The October-December issue of the JOUR- 
NAL will tie-in with the forthcoming Conven- 
tion. Prepare to advertise your exhibit and prod- 
ucts in this important issue to stimulate the 
interest of those potential buyers attending this 
event. From an advertising standpoint, this issue 
will be even more valuable because of the con- 
secutive Annual Meetings of the American Con- 
gress on Surveying and Mapping and the Ameri- 
can Society of Photogrammetry, March 18-24, 


1956. 


Exclusive advertising agency for the ACSM 


JOURNAL: 
{oY 


Sha = SCHALER, BUTLER & ASSOCIATES 


Advertising—1616 EYE STREET, N.W.., 


WASHINGTON 6, D. C. 
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© Notice 


Sixteenth Annual Meeting, March 1956 


The success of the 1955 ASP-ACSM Consecutive Meetings proved that the com- 
bined influence of two great conventions, closely associated in their fields of interest, 
offers greater attendance impact and appeal to the membership than any other 
previous meeting. Accordingly, the 1956 ACSM-ASP Consecutive Meetings are 
scheduled during the single week of March 18-24, with a mammoth Co-Exhibit in 
the spacious convention and exposition halls of the Shoreham Hotel, Washing- 
ton, D. C. 

Officers and committees of both societies are in full operation organizing out- 
standing programs worthy of the individual and overlapping interests of both 
memberships, in keeping with an expected attendance greater than the attendance 
of 1,664 in 1955. 

Particular effort is being made to plan each day's program attuned in overlap of 
interest to preceding or following day, to afford every possible advantage in pro- 
gram continuity should it be necessary for travellers to select certain days for 
attendance. 

A single registration is planned for the 1956 ACSM-ASP Consecutive Meetings 
for attendance at all or part of the ACSM 16th Annual Meeting or the ASP 22nd 
Annual Meeting Sessions. 

Entertainment and social affairs of ACSM will be enjoyed together as pro- 
grammed co-functions. 

Exhibits will be on display from Monday noon, March 19, through Friday noon, 
March 23. The combined exhibits of leading companies from all parts of the 
world, and the displays by governmental mapping agencies from the United States, 
are worthy of attendance. It is of additional interest to ACSM regular Annual 
Meeting attenders to view the photogrammetric equipment displays and demon- 
strations. The observation of such machines and devices and the exchange of ideas 
with experts in the photogrammetric field proved of particular interest and benefit 
to the ACSM members in 1955. 

Chairman William A. Radlinski of ASP 22nd and Chairman Franklin G 
Williams of ACSM 16th, with wise counsel and advice from Honorary Chairman 
Robert H. Randall, are working toward early issuance of program information 

Early reports from the Program and Exhibits Committee indicate that great value 
can be received from the next March Annual Meetings 


the ACSM sessions March 19, 20, and morning of 21 


the ASP sessions from noon on March 21 through March 22 and 23, 1956. 


PLAN YOUR RESERVATIONS NOW 


T. E. Blount, Deputy for Publicity 
1956 ACSM-ASP Consecutive 
Meetings and Co-Exhibit 
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NEW MEMBERS 


INDIVIDUAL MEMBERSHIPS 


AKERS, Paul C., 1847 Arvin Drive, Glendale 8, Calif. 

—Chief of Survey Party. 
tarnes Hill Road, RFD., 

Collinsville, Conn.—aAssistant Engineer, A. W 
Bacon, Civil Engineer and Land Surveyor 

ALDERMAN, Richard E., Punch Brook Road, Burl- 
ington, Conn.—Civil Engineering student, Univer 
sity of <ommeotiont 

ARMITAGE, James H., Box 3470, Honolulu, T. H.— 
Assistant Manager, Land Department, C. Brewer 
and Company, Ltd. 

ARMSTRONG, ~~ =r E., Sr., 328 Parkway Drive, 
Clark-Rahway, J.—Land Pi: inner, Veterans Ad 
ministration 


BAUCUM, William A., 1354 Chantilly St., 
Tex.—South Central Manager, Jack 
Photogrammetric Engineers 

BAYLESS, John C., 3813 W. Willow St., Lansing 17, 
Mich.—Geologist, Abrams Aerial Survey Corp. 

BAZZELL, Edward J., 310 Main St., Orange, N. J.— 
Party Chief, Harold J. Hamilton, Assoc. 

BECSI, Joseph, 18923 Robson St., Detroit 35, Mich. 
—Chief, Survey Branch, Corps of Engineers, 

BIB A, Frank J., 39 Randall Road, S8.E., Washington 

3, D. C.— ‘artographer 
BIGELOW, Henry W., Jr., 
Washington 20, D. C. 
Hydrographic Office 

BLECKLEY, Wm. E., Jr., R. D. 20, Bethlehem, Pa.— 
Engineering L ibrarian, Bethlehem Steel Co. 

BOCKELMAN, Charles W., 21 Laurel Ave., Livings 
ton, N. J.—Land Surveyor, Realty Subdivision 

BORRING, Norman W., 14864 Bentler St., Detroit 
23, Mich.—Surveyor, Wayne County, Bureau of 
Taxation 

BRACKETT, 
Angeles, Calif.—Surveyor, 
Los Angeles 

BRADSHAW, Donald L., 2095 18th Ave., Anchorage, 
Alaska—Chief of Surveys, Rutledge-Johnson-Tryck, 
Engineers and Surveyors 

BRONKEN, Karsten T., 331 W. Utah St., 
Nev.—Consulting E ngineer 

BROUGHER, Robert W., City Hall Annex, 138 Castro 
St.. Hayward, Calif.— Assistant Engineer, City of 
Hayward 

BROWNLEE, J. F., 829 Jefferson St., 
—Assistant District Engineer, 
way Department 

BRUNSWICK, Charles E., 906 Manor Road, Alex 
andria, Va.—Computer-Engineering Aid 

BRYAN, Donald F., 220 Scott Drive, Fairfax, Va.— 
Cartographer, Aeronautical Chart and Information 
Center 

BUSH, Howard E., Jr., 5402 Lyndhurst St., Houston, 
Tex.—Supervising Draftsman, Humble Oil and Re 
fining Co. 


Houston, 
Ammann, 





2907 Gainesville St., S.E. 
—Cartographer, U. 8S. N 








William, 2401 Charnwood Ave., Los 
Party Chief, City of 





Las Vegas, 


Tupelo, Miss. 
Mississippi High 


BUTLER, Harvey L., 454 Washington St., Placer 
ville, Calif—Land Surveyor 
CARLICH, John L., 202 Trash Homes, Tillamook, 


Ore.—-Land Surveyor 
CAUSEY, Mrs. Betty H. M., 37 E. Linden St., Alex 
andria, Va.—Cartographic Aid, U. S Forest Service 
CHARLES, Bernhard G, 49 N. Jonathan St., Hagers 
town, Md.—Office Engineer, Baker-Wibberley, Inc 
CHRISTOFFERSON, Ernest H., 44 Stewart Ave 
Waterbury, Conn,—Assistant Engineer, Bureau of 
Engineering, City of Waterbury 
CLARKE, Hugh C., 408 Summit Ave., Jersey City 6, 
‘. J.—Partner, Ciarke and Hartman, Surveyors 








MENS, Frank A., 944 Chelsea St., 
Mo.—Chief, Cartographic Division, 
Chart and Information Center 
COLLIER, Martin L., U. S. Geological Survey, 1109 
N. Highland St., Arlington, Va.—Cartographer 
CUBAYU, Glenn W., 250 W. El Sur St., Monrovia, 
Calif—Senior Survey Party Chief, Los Angeles 
County Flood Control District 
CURRIE, Howard C., Box 22, Markleeville, 
Road Commissioner, Alpine County 


Glendale 22, 
Aeronautical 


Calif.— 


CURTIS, Harry L., 1742 East-West Highway, Silver 
Spring, Md.— Intelligence Research Analyst 


DALTON, Lt. Dale V., 
9, Mo. 
Center 

DALTON, J. C., 15040 Andover St., San Lorenzo, 
Calif.—Chief of Party, East Bay Municipal Utility 
District 

DALY, Glenn E., 333 Walnut Lane, Gilroy, 
Instrumentman 

DANIELS, John F., 
City Engineer 

DAVIS, John R., 46-E nite Road, Greenbelt, Md.— 
Cartographic Aid, U. 8S. Geological Survey 

DEATSCH, Oliver E., Route 6-1436, Modesto, Calif. 

Stanislaus County Surveyor and Engineer 

DIAZ, Alfredo, 1758 N. Troy St., Apt. 668, Arlington, 
Va.—Photogrammetric Engineer, Instituto Geo- 
graphico de ¢ ‘olombia 

DOLAN, — . 15772 Paseo Del Campo, San 
Lorenzo, Calif.—Chief of Party, East Bay Munici- 
pal Utility District 

oo KOVICH, Victor, 225 W. 23rd St., New York 11, 

Y.—Head Instructor, Engineering Drawing and 
Bow, Mondell Institute 

DOUG - es Philip H., 28 Edgecombe Ave., New York 
30, N. Y.—Land Surveyor, Government of Trini- 
dad and Tobago, B. 4 

DUVALL, B. Oden, i521 Burnwood Road, Baltimore 
12, Md.—Distribution Engineer, Baltimore Gas and 

Electric Co. 


7068 Sutherland St., 
ronautical Chart and 


St. Louis 
Information 





Caiif.— 


554 West St., Pittsfield, Mass.— 


ECKELMANN, Gerhardt F., 
1109 N. Highland St., 
rapher 

ELASMAR, James J., 94 Senator Ave., Agawam, 
Mass.—Construction Engineer, Corps of Engineers 


U. S. Geological Survey, 
Arlington 10, Va. Cartog- 


FERGUSON, JOE L., 4009 Westheimer Road, Hous- 
ton, Tex.—Geophysical Interpreter, Offshore Ex- 
ploration Group 

FOSTER, Charles C., 7353 Granbury Circle, 
23, Mo.—Manager, Camden Products Co. 

FOX, Winston Earl, 93 Homestead Road, Holden, 
Mass.—Surveyor and Secretary, Robinson Engi- 
neering Co., Ine. 

FREDRICKSON, Roy E., 1424 Cornell Ave., Modesto, 
Calif.—City Engineer, Modesto, Calif. 

FRIIS, Herman R., Cartographic Records Branch, 
The National Archives, Washington 25, D. C.— 
Chief of Branch 

FULLER, John W., * 

Chief of Party, 

Rex H., 

Sacramento, Calif.— 

ways 


. Louis 





326 Ocean Ave., Lakewood, N. J. 
Bruce M. Larrabee 

Aerial Surveys, P. O. Box 1499, 
‘alifornia Division of High- 


GARING, Robert S., Jr., 4 Tip Top Place, Salinas, 
Calif Assistant Highway Engineer, California 
GARLAND, Jesse L., 12 Fayette St., Rockville, Md.— 
suilder and Land Surveyor 

GIBSON, Arch, Box 294, Monterey, Calif.- 
Aid, County of Monterey 

GILBERT, Francis P., 7126 Sycamore Ave., Takoma 
Park, Md.—Geophysics Bri anch, U. 8. Geological 
Survey 

GLAZIER, Wm. H. W., 
borough, N. H.—Surveyor, President 

GORE, W. Frederick, 5019 42nd St., N.W., Washing- 
ton, D. C.—Surveyor with Seybolt and George 

GOULD, F. J., Box 417, Henderson, Nev.—City Sur- 
veyor 

GOWEN, J. Dean, Union Bag and Paper Co., P. O. 
tox 755, Waycross, Ga.—Chief of Surveys 

GRADERT, Emil C., Fort Bridger, Wyo.—Engineer 
and Land Surveyor 

GRAHAM, Jerome K., Box 203, Kemah, Tex.—Field 
Engineer, Harris County Flood Control District 

GREENHORNE, Marcus F. H., 4634 Baltimore Ave., 
Hyattsville, Md.,—Civil Engineer, Greenhorne and 
O'Mara 

GUIMARES, Fernando Jose Sampaio, Room 2814-B, 
Coast and Geodetic Survey, Washington 25, D. C. 
—Cartographer, Chief, Directoria de Rotas Aereas, 
Brasil 


Senior 


Glazier Co., Ine., Peter- 
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HALLIBURTON, Eugene A., 1401 Central Ave., 
N.W., Knoxville, Tenn.—Civil Engineer 

HAMILTON, Legare, 634% Front St., Georgetown, 

C.—Civil Engineer and Land Surveyor 

Hz AND. Samuel P., 1101 S. 23rd St., Arlington, Va.— 
Geodetic Engineer, U. 8S. Coast and Geodetic Survey 

HARRIS, George E., 5826 Indigo St., Bellaire, Tex.— 
Civil “a Stanolind Oil and Gas Co. 

HARRIS, J. Paul, Jr., 913 Sylvania Ave., Fredericks- 
burg, V a—Highws ay Engineer 

HARRIS, M. K., 373 S. Monroe St., San Jose, Calif. 
—Geo. W. Ruth, Civil Engineer 

HASTE, Glenn R., 160 S. Lamar Court, Denver 15, 
Colo.—Area Cadastral Engineering Staff Officer 

HASTINGS, Charles E., 117 Hampton Roads Ave., 
Hampton, Va.—President, Hastings Instrument Co. 

HATCH, William B., Jr., The Plaza, P. O. Box 128, 
Twentynine Palms, (¢ yeyor 

HAYS, Lawrence, Cartographic Division, Army Meo 
Service, 6500 peoos Lane, Washington 15, D. C 

HAZEN, Edwaré A., P. 0. Box 441, 
—Consulting Civil Engineer 

HENDRICKS, G. Marvin, R. D. #1, Perkasie, Pa.— 
Land Surveyor 

HENNESSY, John F., 4 Cypress St., Brookline 46, 
Mass.—Owner, J. F. Hennessy, Civil Engineers 

HEROLD, Lad J., 321 E. Avenue D, Robstown, Tex. 
—Engineer Assistant, Nueces County Engineering 
Department. 

HUBBARD, Lee D., 734 8th Ave., Apt. 10, Anchorage, 
Alaska—Field Coordinator, City of Anchorage 

HULL, A. R., 4614 Prospect Ave., Cleveland 3, Ohio 
—President, Aerial Surveys, Inc. 

HUMPHREYS, John K., 106 Stillwold Drive, 
Wethersfield 9, Conn.—Topographer, Commission 

nal Planning, Hartford, Conn. 

HUNDLEY, James E., U. 8. Coast and Geodetic Sur 
vey, Washington 25, D. C.—Cartographer 

HUNTLEY, Almer M., Jr., Russellville Road, South- 
ampton, Mass.—Transitman, Gordon E. Ainsworth 


IACOMINI, Nilo F., Box 194, Route 2, Clinton, Md. 
fae eearagate Aid, U. 8S. Navy Hydrographic 
Office 

ICE, W. H., New Madrid, Mo.—Professional Engineer 

IRB Y, William B., 58% St. Michael St., Mobile, Ala. 

—Engineer and Land Surveyor 









alo Alto, Calif, 





JOHNSON, Mel E., 1222 Crescent Drive, Modesto, 
Calif —Jr. Civil Engineer, City of Modesto 
JONES, Lyle F., Box 1481, Juneau, Alaska—Assist 
ant Are a Cadastral Engineering Officer, Bureau of 
Land Management 





KATZUNG, Vera-Lois, Monterey Oil Co., 900 Wil- 
shire Blvd., Room 104-A, Los Angeles 17, Calif.— 
Draftsman 

KELLEHER, Bernard J., P. 0. Box 102, East Chat 
ham, N. Y.—Assistant Civil Engineer, N. Y. State 
Conservation Department 

KENNEDY, Thomas J., Jr., 116 W. Nelson Ave., 
Alexandria, Va.—Highway Engineer, U. 8. Bureau 
of Public Roads, Washington, D. C 

KIEHL, Miss Eve M., 1500 Newlands Ave., 
game, Calif.—Cartographic Draftsman, 
12th Naval District 

KINGSTON, Howard G., 
ton 4, Calif.—Surveyor 

KLUMPP, Chas., Jr., P. O. Box 543, Kenedy, Tex.— 

Surve yor 

KRI MMRICH, F. V., 3 Seneca Place, Nassau Shores, 
Massapequa, N. Y.—Export Manager, Fairchild 
Camera and Instrument Corp. 

KUTZA, Don, 1059 Brownell Ave 


Burlin- 
DPWO, 


2003 8S. Tuxedo St., Stock- 


Lorain, Ohio 


LACHANCE, Paul E., 31 MeMahon St., 
P. Q. Canada—Secretary-Treasurer, 
Photo-Air Laurentides 

LANCLOS, Lawrence M., 3415 Dover St., Houston, 
Tex.—Civil Engineer, Texas Pipe Line Co. 

LANDERS, Charles R., 152 E. Glenarm St., Pasa 
dena, Calif—Owner, Charles R. Landers Co. 

LIMERICK, David B., P. O. Box 808, Anahuac, Tex. 
—Partner, Hall and Limerick 

LYON, Duane, 896 Queen Ann Place, Glendale 22, Mo. 

Cartographer, Aeronautical Chart and Informa- 
tion Center 


Quebec 4, 
La Compagnie 


MACDONALD, Dr. Frank W., 


Tulane University, New 
Orleans, La 


Professor of Civil Engineering 
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MacDONALD, Russell C., Bureau of Land Manage. 

ment, Building 53, Denver Federal Center, Denver 

2, Colo.—Cadastral Engineer 

MANCINI, John A., 1279 “A” St., Hayward, Calif— 
Civil Engineer 

MANGAN, George B., 1514 17th St., N.W., 
ton 6, D. C.—Cartographer Compiler, 
jranch, U. S. Geological Survey 

MARSHALL, George L., Algore Bldg., 
Centre, Sarnia, Ontario, Canada 
Marshall and Milway 

MATHENY, W. H., Box 4248, Charleston Heights, 
8. C.—L and Surveyor 

McCOMAS. Howard O., Engineer Research and De 
velopment Laboratories, Fort Belvoir, Va 

McCOY, Leonard L., Jr., 5245 Dover St., 
Colo.—Engineer, Meurer, Serafini, Meurer 

McGANN, Martin H., Jr., 7 Fairfield St., Watertown 
Mass.—Assistant Town Engineer 

McGOVERN, John H., 1363 Peabody St., N.W., Apt 
205, Washington, D. C.—Civil Engineer, Thomas 
G. Oyster and Associates 

McNAIR, John W., Jr., 407 N. Main St., 
Va.—Land Surveyor ; 
Engineering Services 

MICHALSKI, Edward J., 9 Haven Lane, Cochituate, 
Mass —Designer 

MILWAY, Thomas E., Exmouth St., Sarnia, Ontario 
Canada—Land Surveyor, Marshall and Milway 

MINNIE, James A., Bureau of Land Management 
—, - 53, Denver Federal Center, Denver 2, Colo 

—Cadastral Engineer 

MIRW ALD, Z. F., Dufresne Engineering Ca. Ltd, 
Labrieville, Saguenay, Quebec, Canada—Land Sur- 
veyor and Field Engineer 

MONAHAN, Jemes B., 76 Pond St., 

Senior Civil Engineer, 

Commission 

MOREMAN, LeRoy B., 2301 Grant St., 
— » embimeee d Cartographer, 


Washing- 
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Metropolitan District 


Mobile, Ala. 
Corps of Engineers, 


MORRIS. George W., Geography Division, Bureau of 
the Census, Washington, D. C.—Cartographic En- 
gineer 

MYERS, Charles R., U. S. Geological Survey, 1109 
N. Highland St., Arlington 10, Va.—Cartographer 

MYERS, G. F., 1401 Fulton St., Fresno, Calif.—As 
sistant Engineer, Pacific Gas and Electric Co. 


NEWQUIST, John W., 8310 Roanoke Ave., Takoma 
Park, Md.—Surveyor, Seybold and George 

NEWSOME, R. C., P. O. Box 1642, Houston, Tex.— 
Senior Engineer, Truckline Gas Co. 

NIVEN, W. O., Washington Crossing, Pa.—Chief of 
Surveys, J. G. Park and Associates 

NOTO, Frank P., Jr., 1109 Betty Lane, Modesto, 
Calif.—Chief of Survey Party, Road Dept., Stanis 
laus County 
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TBU RG, John W., Oakland Ave., Oakland 
-President, Bergen-Passaic Engineering and 
Bey Ine. 

OND, Carl R., 441 W. 

Vyo.—Engineering Surveys 

OvDIM Shikun, 15 Ahaa Haam §&t., 
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Haifa, Israel 


PARK, M. A., Bunker Hill and Sullivan Mining and 
Concentrating Company, Kellogg, Idaho 

PARSONS, John W., 44 Allen Ave., Lynn, Mass.— 
Civil Engineer and Surveyor 

PATCH, Chester J., Jr., 34 High St., 

Construction Engineer 

PATRICK, Joseph C., R. R. #5, Hillside Ave., Somer- 
ville, N. J.—Principal Engineer for Michael § 
Kachovsky 

PEAKE, H. C. L., Folly Farm, Wokingham, Berks 
England 

PERKINS, Charles A., Prospect Hill Road, Harvard, 
Mass.—Civil Engineer and Surveyor 

PERKINS, Dana F., 270 Main St., Reading, Mass.— 
Civil Engineer and Surveyor, President, Dana F. 
Perkins & Sons 

PETERS, A. C., 20 Elm St., 
sulting Engineer 

PETERS, H. D., 18 W. Gabilan St., 
Surveyor, H. D. Peters Co. ; 

P - RCE, Herbert T., 406 Vance St., Roanoke Rapids, 

C.—Surveyor on construction layout for Stone 

—¥ Webster Engineering Corp. 
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QUIROS, Fernando, 3211 Beverly Blvd., Los Angeles 
57, Calif.—Secretary, Wm. H. Fair, Jr., Inc. 


RAMEY, Everett H., 214 Ridgewood Dr., Falls 
Church, Va.—Cartographer, U. 8S. Coast and Geo- 
detic Survey 

RATHBUN, Frank D., Jr., P. 0. Box 987, Las Vegas, 
Nev. —Land Surveyor 

RENTCHLER, John W., P. O. Box 609, Willows, 

Calif.—City Engineer, ‘County Surveyor 

RESHEW, Jerry W., 5004 Neptune Ave., S.E., Wash 
ington 21, D. C.—Cartographer, U. 8. Nav vy Hy 
drographic Office 

RINGLE, John D, 312 W. Grand River, E. Lansing, 


Mich. 

RIZVI, S. Z. H., c/o Navigation Directorate, Central 
Engineering ‘Authority, Block No. 51, Karachi, 
Pakistan—Engineer, Government of Pakistan 

ROBSON, Robert H., 422 Washington St., Hacketts 
town, N. J.—Construction Engineer and Surveyor 

ROGUSZKA, Eugene G., Box 1774, Anchorage, 
Alaska—Chief Engineer, Alaska Department of 
Aviation 

ROMERO, Isidoro A.., 
Scie ntist 

ROTEN, G. A., 1002 Studewood St.., 
Party Chief and Computer, 
Co. 


Los Banos, Laguna, P. I.—Soil 
Houston, Tex.— 
Stickle and Thompson 


SANDBE = t, 
Valley, 
veyor 

SANDERS, George C., 1421 Oriole Place, Brentwood 
17, Mo.—Cartographer, Aeronautical Chart and 
Information Center 

SCHLAGHECK, Ist Lt. K. J., ist P. B. Sqdrn., APO 
32, c/o Postmaster, New York, N. Y.—Guidance 
Computations Ortficer, USAF 

SCHMIDT, Eric F., 369 Robinwood Road, Water 
bury, Conn.—Surveyor, The A. J. Patton Co 

SCHMIEDING, Howard A., P. 0. Box 697, Portales 


George A., 4653 Crest Ave., Castro 
‘alif.—Retired Engineer and Land Sur 


N. Mex. 
SCHNEIDER, Harley R., 
Minn.—City E ngineer 
SEELIG, Charles A., 373 Glenwood Ave., Daly City, 
Calif.—Surveyor with Homes by Sterling 
SEMLER, Norman N., 6853 Lankershim Blvd., North 
Hollywood, Calif.—President, Semler Industries 


324 N. State St., New Ulm 


Inc. 

SEXTON, Francis E., 429 Congress St., 
—Civil Engineer and Surveyor 

SHAW, E. L., Craig, Colo—City and County En 
gineer 

SHERMAN, Oliver W., 518 3rd West, Grand Rapids 
Minn.—Land Surveyor 

SHIPHERD, F. Raymond, 1125 Pine St., Martinez, 
Calif Partner, Norman T. Riffe, Civil Engineer 

STAATS, Henry R., 2626 8. E. Ankeny St., Portland 
15, Oreg.—Civil Engineer and Land Surveyor 

STEGMAIER, Theodore H., 116 8S. Main St., Middle 
boro, Mass.—Surveyor 

STRAHM, Henry F., 1951 Mitad Ct., San Bernardino, 
Calif—Asst. Highway Engineer, California Divi- 
sion of Public Works 

SYLAR, Norman E., U. 8S. Coast and Geodetic Sur 
vey, 121 Custom House, San Francisco, Calif. 
Geodetic Engineer 

THELEN, Leo A., Jr., Oakhurst, 
Madera Irrigation District 

THIESSEN, Clarence P., 33 
field, Calif. 

THOMAS, George J., 426 Rivet St., New Bedford 
Mass.—Civil Engineer 

THOMPSON, Richard D., 17 Wedgewood Road, Nat 
ick, Mass.—Surveyor and Manager, Everett M 
Brooks Co., Civil Engineers 

TONKEL, Lt. Comdr. Miller J., U. S. Coast and 
Geodetic Survey, Washington 25, D. C.—Hydro 
graphic and Geodetic Engineer 

TRIPP, Frederick L., 11 Johnson 8t., 
—Engineer and Surveyor 


Ottawa, Iil. 


Calif.—Rodman 


19 Monterey St., Bakers 


Taunton, Mass. 
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TYSON, L. E., Box 1362, Las Vegas, Nev.—Civil 
Engineer 


UPTON, Mrs. Gertrude B., 2355 Polk St., San Fran- 
cisco, Calif—Delineator, Division of Highways, 
State of California 

URY, Donald E., 1266 S. Citrus St., Los Angeles 28, 
Calif.—Field Engineering Aid, Los Angeles Water 
and Power Co. 


VAN SKIVER, Donald D., U. S. Geological Survey, 
Bldg. 25, Federal Center, Denver 14, Colo.—Car- 





S, Eugene G., 275 S. Hickory St., Chillicothe, 
Ohio—Land Surveyor 


WACHOB, Donald L., 
New C uyama, Calif.—Survey Party Chief 

WAGNER, : ’. Stephen M. Wagner, Inc., 2235 
Chouteau Ave., St. Louis, Mo.—Vice President 

WEBBER, Kenneth R., International Airport, San 
Antonio 9, Tex.—Chief of Surveys, V. L. Beavers 
and Associates 

WESTON, John F., 25 Delevan Crescent, Tillsonburg, 
Ontario, Canada—Engineering and Industrial Con- 
sultant 

WHITE, Prof. Ardis, Civil Engineering Dept., Rice 
Institute, Houston 1, Tex. 

WHITNEY, E. Joslin, 83 Sea St.. Hyannis, Mass.— 
Whitney and Bassett, Architects and Engineers 
WILCOX, LUMAN E., 3415 38th St., N.W., Wash- 
ington 16, D. C.—Cartographer, Aeronautical 

Chart and Information Center 

WILLINGHAM, Robert P., P. O. Box 1169, Mobile, 
Ala.—Supervisory Cartographer, Corps of Engi- 
neers, USA 

WISE, Robert V., 7711 Bonner Ave., Sun Valley. 
Calif—Chief Surveyor, Union Oil Company of 
California 

WORKMAN, William G., Jr., 5221 42nd St., N.W 
Washington 15, D.c— cartographic Aid, <Aero- 
nautical Chart and Information Center 

WRIGHT, A. Room 600, 270 Laurier Ave., W., 
Ottawa, Ontario, Canada—Chief of Surveys, North- 
west Power Industries 

WRIGHT, William B., 1275 Rollins Road, Burlin- 
game, Calif—Chief of Surveys, Wilsey and Ham, 
Civil Engineers 


Richfield Oil Corp., Box 169, 








YEATES, A. B., City Hall, Toowoomba, Queensland, 
Austrailia—Authorized Surveyor 


ZAVIS, — 1109 N. Highland St., Arlington 10, 
Va ‘artographer, U. S. Geological Survey 

ZE NNS, Anton, 2701 3ist St., S.E.. Washington 25, 
DD. C.—Cartographer, Relief Map Division, Army 
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Underneath a good 
» _tngineerng Jb... 


ge Re 
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there often lies a 


FAIRCHILD 
MAP 


Send today for 
your free copy 
of “Focusing 
on Facts”’ 


North to the Arctic; West to China; 

East to India and all over the 

Americas, the world’s leading engineering 
organizations have turned to Fairchild 

for help with contour maps, 

aerial photography and magnetic surveys. 


LOS ANGELES, CALIFORNIA: 224 East Eleventh St. 
LONG ISLAND CITY, N.Y.: 21-21 Forty-First Ave. 


IRGHILD \ rom srasenenne rn 


New England Survey Service, Inc., 51 Cornhill 
AERIAL SURVEYS, INC. 


SEATTLE, WASH.: 
Cari M. Berry, P. 0. Box 38, Boeing Field 
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Abrams Aerial Survey Corporation 








Lansing, Michigan 








Saves 50% in Costs, 
50% in Time, by 
Plotting Power Lines 
with 


?/ Bausch & Lomb 


PHOTOGRAMMETRIC 
EQUIPMENT 








} poe ee a ate Sal at. <_ The Multiplex method of plotting 
. wet from aerial photographs avoided 
the usual headaches of land specula- 


| * ap os 0S ae iion, complaints of property 

io a i owners, and sporadic hiring and 
- -. dismissal of surveying crews and 
eee ea eT rr draftsmen. Plan and profile sheets 





for 500 miles of transmission lines 
were so detailed that they were used 
as the basis for contractors’ bids, for 
determining pole locations, and 






































[4 SS. even for ordering poles and wire. 
fy im mel Plotting this layout with Bausch & 
. Hs Lomb Multiplex Equipment saved 
Abrams’ client 50% in both time 
= and costs! 
=! 
“eT 























BAUSCH 6 LOMB 


Write tor Catatog F-301. Complete 
information on the world’s finest pho- SINCE — 
togrammetric equipment, including ; : 
Multiplex, Auto-focus Rectifier, Twin- 

plex, and Balplex. Bausch & Lomb 


Optical Co., 37745 St. Paul St., Roch- 
ester 2, New York. 





America’s only complete optical source... from glass to finished product 
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= =) 
“a4| This is the new and better way 2 
” - rm 
z to letter map drawings faster! - 
=) ae 
= ro) 
= Speed up map preparation. Avoid costly hand-lettering and n 
: : - : > 
=) pasting of small cartographic details. You get better maps =z 
Oo 
> this quick, easy way. We print names, numerals, symbols, etc., a 
—_ sec 
oo to your specifications on transparent acetate, backed with rr 
Ss pressure-sensitive adhesive. Every impression is sharp o 
oO . rtd nm 
= and clean. Just place the name or symbol to its position and oo 
~” 
> burnish it down. It sticks tight, but can be removed if ae 
> necessary. Only the desired copy shows. Lines under the me 
> acetate reproduce clearly. It’s perfect camera copy! s 
a ” 
ue . 
a FREE TEST SAMPLES = 
os = 
xy Write today for free samples of Monsen Regular and — 
be H-R Heat Resisting Trans-Adhesive Impressions—also price list fore) 
i illustrating many of the available type styles. on 
= — 
> ; 
oa ; 
oO = 
=z oO 
x M ONS ECP! typographers = 
WO rm 
< z 
= CHICAGO 11 22 East Iilinois Street S 
ual LOS ANGELES 15 928 South Figueroa Street i 
= WASHINGTON 1 D.C. 509 F Street, N.W. = 
= Had. 


*MONSEN-CHICAGO-22E. Illmnois St-SUperior 7-1223+ -MONSEN-CHICAGO- 
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A thick copper 
covering pre- 
vents corrosion, 
while the steel 
core provides 
strength and 
rigidity for easy 
driving. The 
Copperweld 
Molten-Weld- 
ing process 
makes the two 
metals 
inseparable. 


*Trade Mark 




















. to handle 


| 
to locate... 


and they’re 
permanent! 


to drive 


Non-Rusting 


“SURVEY 
MARKERS 


At little cost, Copperweld* Survey 
Markers protect the investment of the 
original survey. They can’t rust or rot, and 
they’re simple to install—won’t splinter 
or break. The bronze head can be readily 
center punched for precise reference. 
Want more details on this economical 
method for identifying survey points per- 
manently? Write for Bulletin No. 144. 


Standard length is 3 feet—other sizes made 
to order. Packed 10 markers to a carton. 


COPPERWELD STEEL COMPANY 
WIRE AND CABLE DIVISION «  Glassport, Pa. 


For Export: COPPERWELD STEEL INTERNATIONAL COMPANY, New York 
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* THE THEODOLITE FOR YOU 


r — ry 
| Telescope 
| magni- 


: Power aperture 
fication | | pe - 
20x 4.2” 30 mm 


The FINEST in 
SURVEYING 
EQUIPMENT 


KERN INSTRUMENTS INC. 


120 Grand St., White Plains, N.Y. 


Resolving | Objective 


| ] 


—— Circle Reading Weight 
. 360° || 360° of instr. || of instr. 
|__ Direct a Estimated __alone with tripod 
2.95 ft. 10” a 4 lb 14 Ib. 


* During the French Polar Expedition of 1948 the 
DKM1 was used “Extensively and Successfully” 
—On his Mount Logan Expedition of 1950 
André Roch called it a “Real Jewel” because of 
its accuracy, portability and ruggedness 
IT IS THE INSTRUMENT FOR YOU because 
of its unique qualifications to do your jobs 
Faster, Easier and Better. 


FOR COMPLETE INFORMATION WRITE FOR BOOKLET DK 518-6 
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PERMANENT LOCATION 
uit BATHEY Markers 


























= ahs a, Ye BRASS 
LVER 
6R | OLDER 
——_j! | Loe % 0. x 065 
3%, | | 48.8 S.GA 
| | BRASS TUBING 
| | 
Lit 
f ) 
| 
Bathey Markers are to be found on holdings of a ie 
many of the major oil companies, public utili- . L | 
ties and the country’s finest cemetery plots. ; 
© ADVERTISING VALUE 
PRICE 
PERSONALIZED by use of die made to 
customer’s specifications (nominal cost). OO = 200 -......---neennnnnnnn $1.64 ea. 
Blank Caps available for hand stamping 500 — 1000 ........................ $1.25 ea. 
if desired. Personalized die extra. For quantities 
over or under those shown, write for 
quotation. 
PROFESSIONAL in appearance . . . our 











Brass Cap Monument Marker remains 
TAMPERPROOF when set in concrete. 


MANUFACTURED BY AND SOLD DIRECTLY FROM THE FACTORY OF 


BATHEY MANUFACTURING CO. 


A Michigan Corporation Whose Officers Are Members of 
The American Congress on Surveying and Mapping 


100 SOUTH MILL ST. PLYMOUTH, MICHIGAN 
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LEVELING LEVEL 


THIS ALL-PURFU >" PURPOSE SELF- 









The ZEISS Ni2 
Self-Leveling Level 


This amazing new instrument cuts level- 
ing time and costs in half. It sets a line 
of sight precisely level automatically. A 
remarkable new invention, the Com- 
pensator, built into the telescope levels 
the line of sight for you in a matter of 
moments. It performs any kind of level- 
ing, from rough cross sectioning to 
first order work. Bench-mark leveling, 
using two rods, is almost twice as fast 
with the Ni2 as with an ordinary level. 
Cross-sectioning with many sights from 
one set-up is even faster. Accurate up to 
+0.02 ft. per mile, the Ni2 is as rugged 
as its appearance suggests. 








Drafting, 
Reproduction and 
Surveying Equipment 
and Materials, 
Slide Rules, 
Measuring Tapes. 


KEUFFEL  & ESSER co. 


New York igs , oN N. J. 


Detroit + Chicago + St. Louis + Dallas 
San Francisco « Los Angeles « Seattle « Montreal 
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The U. S. Government has pioneered in recent years in making 
multicolor maps by the revolutionary scribing process. For 
this greatly improved system K&E has developed STABILENE 
FILM, a product as superior for the purpose as is the new 
system itself. 

A film with extreme dimensional stability, STABILENE FILM 
offers these definite advantages: 


1. It has very high transparency. 

2. It is free from fibers. This gives it a smoother drawing 
surface. There can be no background of fiber pattern 
on reproductions made from the film. 

3. It is flexible and can be handled freely. 

4. It has high initial tear strength. 

5. It is economical in cost. 

Already, STABILENE [ILM has found wide use in map making 
by private as well as public organizations. It is available with 
either a translucent surface for pencil and ink drawing, or with 
scribe coat for scribing, also sensitized for making reproduc- 
tions. Scribe coat permits scribing of fine, sharp, clean lines 
without chipping at intersections or edges. For further informa- 
tion about this great advance in map making, write Keuffel 
& Esser Co. 


KEUFFEL & ESSER CO. 
New York + Hoboken, N. J. 


Detroit * Chicago * St. Lovis * Dallas * San Francisco 
Los Angeles * Seattle * Montreal 
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YOUR EXCLUSIVE 


California, Arizona 
and Nevada 


DISTRIBUTORS OF 
WILD INSTRUMENTS 











SURVEYORS 
SERVICE CO. 


Here at Surveyors Service is found the 
most experienced and largest instrument 
sales and repair service located in the West. 
For over 30 years, Surveyors Service Com- 
pany has guarded the reputation of its cus- 
tomers through its skilled technicians and 
modern, accurate technical equipment. 


TH 


Call upon us, as distributors and repre- 
sentatives of a complete line of equipment 
for surveyors and engineers. 


WRITE FOR OUR SIX PAGE FOLDER 


George A. Greenewald 


SURVEYING 


UNIVERSAL 


AND MAPPING 








EODOLITE 





SURVEYORS SERVICE CO. 










2021 South Grand Avenue 
Los Angeles 7, California 
Richmond 7-0606 


All Kinds of 
Field Equipment 
and SUPPLIES 
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Exclusive Distributors 
Seiler Instrument Company 


| 
! 
I 
I FREE cro ARIZONA NEVADA 
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! 
i. 


Agents for 
C. L. Berger & Sons, Inc. 
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WILD 





T2 
UNIVERSAL THEODOLITE 


The recognized instrument for triangulation, bridge- 
work and other precise engineering jobs... the instru- 
ment for you. 


You read both circles by microscope direct to 1 second. 
Every reading gives the mean of two diametrically 
opposite points of the circle, therefore free from eccen- 
tricity-errors. 


Due to the optical plummet, centering above a ground 
point is easily and quickly done even on windy days. 
The telescope, with a big field of view, is easy on the 
eye and can be transited both ways. 


Choose WILD instruments for ease of operation, speed 
and accuracy. 


. +. FOR DETAILED 
INFORMATION 
ASK FOR BOOKLET SR-9 
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RELY ON... 


WILD 


STAINLESS STEEL 
DRAWING INSTRUMENTS 


Complete Sets or Single Instruments Available 





WILD drawing instruments, 
Swiss precision engineered, 
excel in precision and accuracy 


for the most exacting standards. are 
. RZ-20 $19.°° 
F.0.B., Port Washington, N. Y. 


See your regular dealer or write for Bkit. RZ-9 






+ 
Full Factory Service by Specialists. 


WILD HEERBRUGG INSTRUMENTS INC. 


AIN & COVERT STS., PORT WASHINGTON, N.Y. * POrt Washington 7-4843 
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A NEW SURVEYING 


VGN WROGRAPH 


by AMERICAN PAULIN SYSTEM 


BETTER ALTIN TER SURVEYS™AT. LOWER COST 


@ DEPENDABLE 
@ EASILY READ 
@ CHART READING 


IMMEDIATELY 
AVAILABLE 


@ ACCURATE - 
SENSITIVE 


(Same as Our 
Micro Altimeters 


> 


MODEL SMB-5 


SPECIFICATIONS 


ALTITULE RANGE:—1,000 ft. to + 13,000 ft. 
CHART PRESSURE RANGE: 1.5” merc. 


CHART PRESSUKZ INTERVALS: 0.005” merc. 
féaddbie to 0.001” merc. (equivalent to approx. 


~~ elevation) 
CHART TIME RANGE: 15 hours 


CHART TIME GRADUATIONS: 10 pani. 
readable to 1 min. 


CHART: Permanent black metal 6 ao 
record on surfaced chart—no ink 


TEMPERATURE COMPENSATION: Fully 
compensated, no correction required. 


PRESSURE—ALTITUDE CONVERSION: Tables 
supplied for immediate conversion. 


PRECISION 
RECORDER 


REPLACES 
BASE 
OPERATOR 


ACCESSORIES: Generous supply of charts, waterproof LIGHT WEIGHT 


covers, and all necessary operational equipment. 


CARRYING CA Outside dimensions: 
72" x 1072" a. 


WEIGHT COMPLETE: 20 Ibs. 
PRICE IN U.S.A.: $790, complete as described 


* 
EASILY 
PORTABLE 


AMERICAN PAULL) 6130) 


1524 SOUTH FLOWER STREET 
LOS ANGELES 15, CALIFORNIA, U.S.A. 


Telephone Richmond 9-0013 
Cable Address: “MUNTERCO” 


Made Eftirely in U.S.A. by the World's 


Léading Manufacturer of Surveying 
Altimeters and Barographs 











